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Description 

TECHNICAL FIELD 

5 [0001] The present invention relates to a composite material having chemical resistance which is produced by apply- 
ing, to a substrate, a fluorine-containing polymer excellent in chemical resistance, non-sticking property, heat resist- 
ance, transparency, stain-proofing property, water- and oil-repelling property and particularly adhesive property to the 
substrate and utilizes particularly a characteristic of chemical resistance. 

10 BACKGROUND ART 

[0002] In the fields of chemical industries, various chemicals having high reactivity and corrosivity have to be stored 
and transported. Therefore it is necessary to use a material having particularly high chemical resistance for a tank and 
bottle for storing those chemicals, vessels such as carrier and basket for transporting wafers, piping materials such as 
15 pipes, valves and joints, tank and tower for manufacturing chemical products, etc. 

[0003] Above all, in the field of manufacture of semi-conductors, where high accuracy is required and mixing of impu- 
rities must be avoided, a further reliable material having chemical resistance is demanded. 

[0004] Various materials have been used as a material having chemical resistance, and among them, a fluorine-con- 
taining material, particularly a fluorine-containing resin is most popular for applications requiring high chemical resist- 
20 ance, and has been used practically. However the fluorine-containing resin solely is insufficient in strength, and in many 
cases, is used for coating and lining of metal substrates, etc. particularly in case of a large-sized equipment. 
[0005] However the fluorine-containing resin involves a substantial problem, namely insufficient adhesion to a metal 
or glass substrate due to its excellent non-sticking property. 

[0006] Therefore in case where the fluorine-containing polymer is used in the form of coating, there is a method of 
25 adhering a fluorine-containing resin to a substrate by roughening the surface of metal chemically or physically with 
expecting anchor effect between them. However this method requires much labor in the surface roughening itself, and 
though initial adhesion is possible, lowering of the anchor effect arises when a temperature change is made repeatedly 
and in case of use at high temperature. 

[0007] Also a method for chemically activating a surface of a fluorine-containing resin by treating the surface with a 
30 solution prepared by dissolving metallic sodium in liquid ammonia has been proposed. However in that method, not only 
there is a fear that the solution itself causes environmental pollution but also there is a problem that its handling is 
attended with danger. 

[0008] Further though a method for carrying out physical and chemical treatment such as plasma sputtering on a sur- 
face of a fluorine-containing resin has been proposed for activation of the resin surface, there is a problem that much 
35 labor is required for the treatment and an increase in cost is resulted. 

[0009] Also in order to improve adhesion of a fluorine-containing resin coating, investigations with respect to addition 
of various components and formation of a primer layer have been made. 

[0010] For example, there is a technique of adding an inorganic acid such as chromic acid to a coating composition 
containing a fluorine-containing polymer to form chemical conversion coating film on a surface of metal for enhancing 
40 adhesion of the composition (JP-B-63-2675). However since chromic acid contains hexahydric chromium, it cannot be 
said that such a technique is sufficient in view of safety in food and coating work. Further in case of use of other inor- 
ganic acids such as phosphoric acid, there was a problem that safety of a fluorine-containing resin coating composition 
is damaged. 

[0011] Use of a coating composition containing a fluorine-containing resin as a primer, in which heat resistant resins 
45 such as polyamide imide, polyimide, polyethersulfone and polyether ether ketone and in addition, a metal powder are 
added instead of the above-mentioned inorganic acid, has been studied (JP-A-6-264000). Inherently there is almost no 
compatibility between a fluorine-containing resin and a heat resistant resin. Therefore there arises a phase separation 
in a coating film, thus easily causing intercoat adhesion failure between the primer and the top coat of the fluorine-con- 
taining resin. Further film defects such as pin holes and cracks arise easily at the time of processing at high temperature 
so or during use due to a difference in heat shrinkage between the fluorine-containing polymer and the heat resistant resin 
or due to lowering of elongation of the coating film by the addition of the heat resistant resin, thus easily causing pene- 
tration of chemicals. Further when the heat resistant resin is blended, chemical resistance and non-sticking property 
which the fluorine-containing polymer possesses inherently are lowered. 

[0012] Also for adhesion of a fluorine-containing resin coating composition to a glass, etc. requiring transparency, an 
55 improvement of the adhesion has been tried by treating the substrate with a silane coupling agent or adding a silicone 
resin to the fluorine-containing resin coating composition (JP-B-54-42366, JP-A-5-1 77768). However enhancement of 
adhesion is insufficient, heat resistance is lowered and separation of film, foaming and coloring arise easily at sintering 
or in use at high temperature. 
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[0013] On the contrary, fluorine-containing resin coating compositions prepared by copolymerizing a hydrocarbon 
monomer (containing no fluorine) containing functional group such as hydroxyl or carboxyl have been discussed. How- 
ever since those coating compositions were originally studied mainly for a purpose of weather resistance, chemical 
resistance which is directed by the present invention is insufficient and it is difficult to use them for application requiring 

5 heat resistance (for example, 200 to 350°C). 

[0014] Namely with respect to a polymer prepared by copolymerizing a hydrocarbon monomer (containing no fluorine) 
having functional group, thermal decomposition easily occurs on components of the monomer at the time of processing 
at high temperature or during use, and thus coating film failure, coloring, foaming, separation, etc. arise, which lowers 
chemical resistance and makes it impossible to attain purposes of coating a fluorine-containing resin. 

w [001 5] Further fluorine-containing polymers are generally insufficient in mechanical strength and dimensional stability, 
and high in price. In order to minimize those disadvantages and make the best use of the above-mentioned merits 
which the fluorine-containing polymer possesses inherently and, investigations have been made also with respect to its 
use in the form, of film. 

[0016] However the fluorine-containing polymer inherently has low adhesive force, and it is difficult to adhere the flu- 
15 orine-containing polymer directly to other material (substrate). For example, even if the adhering is tried by thermo- 
processing, adhesive strength of the fluorine-containing polymer is not enough, or even if the polymer has adhesive 
force to a certain extent, such an adhesive force is apt to vary depending on kind of the substrate. Thus in many cases, 
reliability on the adhesive strength of the fluorine-containing polymer has been not so enough. 
[0017] In order to adhere the fluorine-containing polymer film to a substrate, mainly the following methods have been 
20 studied: 

1 . a method for physically roughening a surface of substrate by sand blasting, etc., 

2. a method for surface-treating a fluorine-containing resin film by chemical treatment such as sodium etching, 
plasma treatment, photochemical treatment, etc., 

25 3. a method for adhering by using an adhesive, and other methods. With respect to the methods 1 and 2 above, 
surface-treating steps are required, and the steps are complicated and productivity is poor. Also kinds and shapes 
of substrates are restricted. Further the obtained adhesive force is insufficient, and chemical resistance which the 
fluorine-containing resin inherently possesses is easily lowered. Also the method of using a chemical such as 
sodium etching has a problem with safety. 

30 

[0018] Use of an adhesive in the method 3 above has also been discussed. A usual hydrocarbon type (non-fluorine- 
containing) adhesive does not have enough adhesive property and its heat resistance is insufficient. Thus a hydrocar- 
bon type adhesive cannot stand under conditions for adhering of a fluorine-containing polymer film which requires 
molding and processing at high temperature, and peeling due to decomposition of the adhesive and coloring occur. 
35 Since the above-mentioned composite material produced by using an adhesive also is insufficient in chemical resist- 
ance, heat resistance and water resistance, it cannot maintain adhesive force due to a change in temperature and envi- 
ronment, and lacks in reliability. 

[0019] On the contrary, adhesion by using an adhesive composition comprising a fluorine-containing polymer having 
functional group is discussed. 

40 [0020] For example, it is reported that a fluorine-containing polymer prepared by graft-polymerizing, to the fluorine- 
containing polymer, a hydrocarbon monomer which has carboxyl represented by maleic anhydride and vinyltrimethox- 
ysilane, a residual group of carbonic acid, epoxy or a hydrolyzable silyl group, is used as an adhesive (for example. JP- 
A-7-18035. JP-A-7-25952, JP-A-7-25954, JP-A-7-1 73230, JP-A-7-1 73446, JP-A-7-1 73447) and that an adhesive com- 
position comprising a fluorine-containing copolymer prepared by copolymerizing a hydrocarbon monomer having func- 

45 tional group such as hydroxyalkyl vinyl ether with tetrafluoroethylene or chlorotrifluoroethylene and an isocyanate 
hardening agent is cured and used as an adhesive between vinyl chloride resin and corona-discharged ETFE (for 
example, JP-A-7-228848). 

[0021] The above-mentioned adhesive composition comprising a fluorine-containing resin prepared by graft-polym- 
erizing or copolymerizing a hydrocarbon monomer having functional group does not have enough heat resistance, and 
50 thus at the time of processing a composite material comprising the adhesive composition and a fluorine-containing 
resin film at high temperature or during use at high temperature, decomposition and foaming occur, thereby causing 
reduction of adhesive strength, peeling and coloring. In case of the adhesive composition disclosed in JP-A-7-228848, 
it is necessary to corona-discharge the fluorine-containing resin film. 

[0022] As mentioned above, there have been no material for composite material having chemical resistance which 
55 assures strong adhesion to a substrate. 

[0023] In view of the above-mentioned facts, an object of the present invention is to provide a composite material hav- 
ing chemical resistance which is produced by applying, to a substrate, a material comprising a fluorine-containing pol- 
ymer being excellent in adhesion to the substrate without necessitating complicated steps. 
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[0024] Further the composite material having chemical resistance of the present invention is excellent in non-sticking 
property, stain-proofing property, water- and oil-repelling property, stain removing property, rust preventing property, 
transparency (property for exhibiting clear surface pattern), resistance to energy ray and antibacterial property. 

5 DISCLOSURE OF THE INVENTION 

[0025] The present invention relates to a composite material having chemical resistance which is produced by apply- 
ing, to a substrate, a material comprising a fluorine-containing ethylenic polymer having functional group and prepared 
by copolymerizing: (a) 0.05 to 30 % by mole of at least one of fluorine-containing ethylenic monomers having at least 
w one functional group selected from the group consisting of hydroxyl, carboxyl, a carboxylic salt group, a carboxylic ester 
group and epoxy and (b) 70 to 99.95 % by mole of at least one of fluorine-containing ethylenic monomers having no 
functional group mentioned above. 

[0026] In that case, it is preferable that the above-mentioned fluorine-containing ethylenic monomer (a) having func- 
tional group is at least one of fluorine-containing ethylenic monomers represented by the formula (1): 

15 

CX 2 =CX 1 -R r Y (1) 

wherein Y is -CH 2 OH, -COOH, a carboxylic salt group, a carboxylic ester group or epoxy, X and X 1 are the same or dif- 
ferent and each is hydrogen atom or fluorine atom, R f is a divalent fluorine-containing alkylene group having 1 to 40 car- 
20 bon atoms, a fluorine-containing oxyalkylene group having 1 to 40 carbon atoms, a fluorine-containing alkylene group 
having ether bond and 1 to 40 carbon atoms or a fluorine-containing oxyalkylene group having ether bond and 1 to 40 
carbon atoms. 

[0027] Further it is preferable that the fluorine-containing ethylenic monomer (b) having no functional group mentioned 
above is tetrafluoroethylene. 

25 [0028] Further it is preferable that the fluorine-containing ethylenic monomer (b) having no functional group mentioned 
above is a monomer mixture of 85 to 99.7 % by mole of tetrafluoroethylene and 0.3 to 15 % by mole of a monomer rep- 
resented by the formula (2): 

CF 2 =CF-R f 1 (2) 

30 

wherein R f 1 is CF 3 or OR f 2 , in which R f 2 is a perfluoroalkyl group having 1 to 5 carbon atoms. 
[0029] Further it is preferable that the fluorine-containing ethylenic monomer (b) having no functional group mentioned 
above is a monomer mixture comprising 40 to 80 % by mole of tetrafluoroethylene, 20 to 60 % by mole of ethylene and 
0 to 15 % by mole of other monomer copolymerizable with those monomers. 
35 [0030] In the present invention, it is preferable that the fluorine-containing ethylenic polymer having functional group 
is applied to a substrate in the form of a coating, aqueous dispersion, powder coating or film. 
[0031] Further the substrate may be a metal, ceramic such as glass and synthetic resin. 

[0032] The composite material having chemical resistance of the present invention can be suitably used for vessels 
such as tank and bottle for storing chemicals or piping materials such as pipe and joint for transporting chemicals. 

40 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0033] 

45 Fig. 1 is a diagrammatic plan view of an adhered sample made to measure adhesive strength in Example 7 of the 
present invention. 

Fig. 2 is a diagrammatic perspective view of a test sample used to measure adhesive strength in Example 7 of the 
present invention. 

Fig. 3 is a diagrammatic perspective view of a laminated article made to produce a test piece to be subjected to 
so adhesion test (T-type peeling test) in the present invention. 

Fig. 4 is a diagrammatic perspective view of a test piece to be subjected to adhesion test (T-type peeling test) in the 
present invention. 

Fig. 5 is a diagrammatic perspective view of a test piece to be subjected to adhesion test (tensile shear strength . 
test) in the present invention. 

55 Fig. 6 is a diagrammatic view of a test device to be used for adhesion test (tensile shear strength test) in the present 
invention. 

Fig. 7 is a diagrammatic cross-sectional view of a laminated test plate made in Example 15 of the present invention. 
Fig. 8 is a diagrammatic cross-sectional view of a three-layered laminated article made in Example 15 of the 
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present invention. 

Fig. 9 is a diagrammatic cross-sectional view of a laminated article made in Comparative Example 10 of the present 
invention. 

Fig. 10 is a diagrammatic cross-sectional view of a laminated test plate for making a laminated article in Example 
5 16 of the present invention. 

Fig. 1 1 is a diagrammatic cross-sectional view of a laminated article made in Example 16 of the present invention. 
Fig. 12 is a diagrammatic cross-sectional view of a laminated article to be subjected to T-type peeling test in Exam- 
ple 16 of the present invention. 

Fig. 13 is a diagrammatic cross-sectional view of a laminated article to be subjected to T-type peeling test in Corn- 
to parative Example 10 of the present invention. 

Fig. 14 is a diagrammatic cross-sectional view of a laminated test plate made in Comparative Example 12 of the 
present invention. 

Fig. 15 is a diagrammatic cross-sectional view of a vessel to be used for hydrochloric acid permeation test of a 
hydroxyl-containing PFA film in Example 20 of the present invention. 
75 Fig. 16 is a permeation curve showing a relation between permeation time and permeated amount which was 
obtained in hydrochloric acid permeation test of a hydroxyl-containing PFA film in Example 20 of the present inven- 
tion. 

BEST MODE FOR CARRYING OUT THE INVENTION 

20 

[0034] The composite material having chemical resistance of the present invention is one produced by applying, to a 
substrate, a material comprising a fluorine-containing ethylenic polymer having functional group and prepared by copo- 
lymerizing: 

25 (a) 0.05 to 30 % by mole of at least one of fluorine-containing ethylenic monomers having at least one functional 
group selected from the group consisting of hydroxyl, carboxyl, a carboxylic salt group, a carboxylic ester group and 
epoxy and 

(b) 70 to 99.95 % by mole of at least one of fluorine-containing ethylenic monomers having no functional group 
mentioned above. 

30 

[0035] The above-mentioned material comprising a fluorine-containing ethylenic polymer having functional group has 
surprisingly strong adhesion in the form of coating or film to metal, glass and other substrates even without use of an 
adhesive, surface-treatment on the substrate, formation of a primer layer and addition of a component having adhesive 
property in the material. 

35 [0036] With respect to the fluorine-containing ethylenic polymer having functional group which is used for preparing 
the composite material of the present invention, it is important to copolymerize (a) the above-mentioned fluorine-con- 
taining ethylenic monomer having functional group and (b) the fluorine-containing ethylenic monomers having no func- 
tional group mentioned above to introduce the functional group into the fluorine-containing polymer, thereby making it 
possible to give excellent adhesive force directly to surfaces of various substrates, to which adhesion has been difficult 

40 or impossible. Namely as compared with a fluorine-containing polymer prepared by copolymerizing a non-fluorine-con- 
taining monomer having functional group, the fluorine-containing polymer of the present invention is excellent in heat 
resistance, and decomposition at processing at high temperature (for example, 200° to 400°C) can be inhibited more 
and a large adhesive strength can be obtained. Further a coating layer being free from coloring, foaming, pin hole 
caused thereby and leveling failure can be formed on a substrate. Also in case where the composite material is used at 

45 high temperature, adhesive property is maintained and a coating layer failure such as coloring, whitening, foaming or 
pin hole is difficult to arise, and permeation of a chemical to a substrate can be inhibited. 

[0037] The above-mentioned fluorine-containing polymer having functional group has excellent characteristics such 
as not only heat resistance thereof but also chemical resistance, non-sticking property, stain-proofing property, friction 
resistance and weather resistance of a fluorine-containing polymer and can give such excellent characteristics to a 
so coating film without lowering them. Further it has been found that by introducing a functional group into a fluorine-con- 
taining polymer, impermeability of a chemical is enhanced (permeation is lowered) as compared with a fluorine-contain- 
ing polymer having no functional group. 

[0038] Then the fluorine-containing ethylenic copolymer having functional group which is a material for the composite 
material of the present invention is explained below. 
55 [0039] The functional group of the fluorine-containing ethylenic polymer having functional group is at least one func- 
tional group selected from the group consisting of hydroxyl, carboxyl, a carboxylic salt group, a carboxylic ester group 
and epoxy, and provides the polymer with adhesion to various substrates by its effect. Kinds and combination of the 
functional groups are optionally selected depending on kind of a surface of the substrate and purpose and application. 
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From the viewpoint of heat resistance, hydroxyl is most preferable. 

[0040] Examples of the preferred fluorine-containing ethylenic monomer (a) having functional group which is one of 
components constituting the fluorine-containing ethylenic polymer having functional group are fluorine-containing eth- 
ylenic monomers having functional group which are represented by the formula (1): 

5 

CX 2 =CX 1 -R r Y (1) 

wherein Y is -CH 2 OH, -COOH, a carboxylic salt group, a carboxylic ester group or epoxy, X and X 1 are the same or dif- 
ferent and each is hydrogen atom or fluorine atom, R f is a divalent alkylene group having 1 to 40 carbon atoms, a fluo- 
10 rine-containing oxyalkylene group having 1 to 40 carbon atoms, a fluorine-containing alkylene group having ether bond 
and 1 to 40 carbon atoms or a fluorine-containing oxyalkylene group having ether bond and 1 to 40 carbon atoms. 
[0041] Examples of the fluorine-containing ethylenic monomer (a) having functional group are one represented by the 
formula (3): 

15 CF 2 =CF-R f 3 -Y (3) 

wherein Y is as defined in the above formula (1), R f 3 is a divalent fluorine-containing alkylene group having 1 to 40 car- 
bon atoms or OR f 4 , in which R f 4 is a divalent fluorine-containing alkylene group having 1 to 40 carbon atoms or a diva- 
lent fluorine-containing alkylene group having ether bond and 1 to 40 carbon atoms, one represented by the formula (4): 

20 

CF 2 =CFCF 2 -OR f 5 -Y (4) 

wherein Y is as defined in the above formula (1), R f 5 is a divalent fluorine-containing alkylene group having 1 to 39 car- 
bon atoms or a divalent fluorine-containing alkylene group having ether bond and 1 to 39 carbon atoms, one repre- 
ss sented by the formula (5): 

CH 2 =CFCF 2 -R f 6 -Y (5) 

wherein Y is as defined in the above formula (1 ), R f 6 is a divalent fluorine-containing alkylene group having 1 to 39 car- 
30 bon atoms or OR f 7 , in which R f 7 is divalent fluorine-containing alkylene group having 1 to 39 carbon atoms or a divalent 
fluorine-containing alkylene group having ether bond and 1 to 39 carbon atoms, one represented by the formula (6): 

CH 2 =CH-R f 8 -Y (6) 

35 wherein Y is as defined in the above formula (1), R f 8 is a divalent fluorine-containing alkylene group having 1 to 40 car- 
bon atoms, or the like monomer. 

[0042] From the viewpoint that copolymerizability with the fluorine-containing ethylenic monomer (b) having no func- 
tional group mentioned above is comparatively good and that heat resistance of the obtained polymer is not lowered 
remarkably, the fluorine-containing ethylenic monomers having functional group and represented by the formulae (3) to 
40 (6) are preferable. 

[0043] Among them, from the viewpoint of good copolymerizability with the fluorine-containing ethylenic monomer (b) 
having no functional group mentioned above and heat resistance of the obtained polymer, the compounds of the formu- 
lae (3) and (5) are preferable, and the compound of the formula (5) is particularly preferable. 

[0044] Examples of the fluorine-containing ethylenic monomer having functional group and represented by the for- 
45 mula (3) are: 


50 


55 
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CF 2 =CFOCF 2 CF 2 CH 2 OH, CF 2 =CFO(CF 2 ) 3 COOH, 
CF 2 =CFOCF 2 CF 2 COOCH 3 , 
CF 2 =CFOCF 2 CFOCF 2 CF 2 CH 2 OH, 
CF 3 

10 

CF 2 «=CFCF 2 COOH, CF 2 =CFCF 2 CH 2 OH, 
CF 2 -CFCF 2 CF 2 CH 2 <^H^H 2 , 

15 O 

and the like. 

[0045] Examples of the fluorine-containing ethylenic monomer having functional group and represented by the for- 
20 mula (4) are: 

CF 2 -CFCF 2 OCF 2 CF 2 CF 2 COOH, 
25 CF 2 «CFCF 2 OCFCFCOOCH 3 , 


CF 


3 


30 and the like. 

[0046] Examples of the fluorine-containing ethylenic monomer having functional group and represented by the for- 
mula (5) are: 


35 


40 


45 


50 


CH 2 -CFCF 2 CF 2 CH 2 CH 2 OH, CH 2 -CFCF 2 CF 2 COOH, 
CH 2 -CFCF 2 CF 2 CH 2 CHCH 2 , CH 2 =CF(CF 2 CF 2 t 2 -COOH, 

V 

CH 2 -CFCF 2 OCFCH 2 OH, CH 2 -CFCF 2 OCFCOOH, 
CF 3 CF 3 

CH 2 -CFCF 2 Oj:FCH 2 OCH 2 ^HpH 2 , 
CF 3 O 


CH 2 -CFCF 2 OCFCF 2 OCFCH 2 OH, 


r 

55 CF 3 CF 3 


and the like. 
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[0047] Examples of the fluorine-containing ethylenic monomer having functional group and represented by the for- 
mula (6) are: 

CH 2 -CHCF 2 CF 2 CH 2 CH 2 COOH, 
CH 2 °C^CF^CH 2 CH 2 CH 2 OH, 
CH 2 °CHiCF2)gCH 2 CH 2 COOCH3, 

and the like. 

[0048] In addition, there are 



CH 2 =CHCH 2 C-OH, 

20 CF3 


and the like. 

[0049] The fluorine-containing ethylenic monomer (a) having functional group is copolymerized with the fluorine-con- 
25 taining ethylenic monomer (b) having no specific functional group which the monomer (a) has. The fluorine-containing 
ethylenic monomer (b) is preferably selected from monomers having no functional group. The monomer (b) can be 
optionally selected from known monomers, and gives in addition to excellent chemical resistance, heat resistance, non- 
sticking property, stain-proofing property and friction resistance to the polymer. 

[0050] Examples of the fluorine-containing ethylenic monomer (b) are tetrafluoroethylene, a monomer represented by 
30 the formula (2): CF 2 =CF-R f \ wherein R f 1 is CF 3 or OR f 2 , in which R f 2 is perfluoroalkyl group having 1 to 5 carbon 
atoms, chlorotrifluoroethylene, vinylidene fluoride, vinyl fluoride, hexafluoroisobutene, 

CH 2 =CF4CF 2 } n X 2 , CH 2 =CH{CF 2 } n X 2 , 

35 wherein X 2 are selected from hydrogen atom, chlorine atom and fluorine atom, n is an integer of 1 to 5, and the like. 
[0051] In addition to the fluorine-containing ethylenic monomer (a) having functional group and the fluorine-containing 
ethylenic monomer (b) having no functional group mentioned above, an ethylenic monomer having no fluorine atom 
may be copolymerized in the range of not lowering heat resistance and chemical resistance. In that case, it is preferable 
that the ethylenic monomer having no fluorine atom is selected from ethylenic monomers having not more than 5 car- 

40 bon atoms in order not to lower heat resistance. Examples of such an ethylenic monomer are ethylene, propylene, 1- 
butene, 2-butene. and the like. 

[0052] A content of the fluorine-containing ethylenic monomer (a) having functional group in the fluorine-containing 
ethylenic polymer having functional group which is used in the present invention is from 0.05 to 30 % by mole on the 
basis of the total amount of monomers in the polymer. Further the content is optionally selected depending on kind of 
45 a surface of a substrate requiring chemical resistance, shape of the substrate, coating method, film forming method and 
conditions and further depending on purposes and applications of equipment to which the composite material is 
applied. The content of the fluorine-containing ethylenic monomer (a) having functional group is preferably from 0.05 to 
20 % by mole, particularly preferably from 0.1 to 10 % by mole. 

[0053] When the content of the fluorine-containing ethylenic monomer (a) having functional group is less than 0.05 % 
50 by mole, sufficient adhesion to the substrate surface is difficult to obtain, and separation easily occurs due to tempera- 
ture change and permeation of chemicals. When more than 30 % by mole, heat resistance and chemical resistance are 
lowered and there occur adhesion failure, coloring, foaming and pin hole at sintering at high temperature or during use 
at high temperature, thus easily causing separation of a coating layer and elution due to decomposition. 
[0054] Examples of the preferred fluorine-containing ethylenic polymer having functional group used in the present 
55 invention are as follows. 

(I) A polymer comprising 0.05 to 30 % by mole of the fluorine-containing ethylenic monomer (a) having functional 
group and 70 to 99.95 % by mole of tetrafluoroethylene (reactive PTFE). 
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The polymer is the most excellent in heat resistance and non-sticking property in addition to chemical resist- 
ance, and further is superior from the viewpoint of sliding properties (friction resistance, abrasion resistance). 

(II) A polymer comprising 0.05 to 30 % by mole of the fluorine-containing ethylenic monomer (a) having functional 
group based on the total amount of monomers, and further based on the total amount of monomers excluding the 

5 monomer (a), 85 to 99.7 % by mole of tetrafluoroethylene and 0.3 to 1 5 % by mole of the monomer represented by 

the formula (2): 

CF 2 =CF-R f 1 (2) 

w wherein R f 1 is CF 3 or OR f 2 , in which R f 2 is a perfluoroalkyl group having 1 to 5 carbon atoms. For example, there 

is a tetrafluoroethylene-perfluoro(alkyl vinyl ether) copolymer having functional group (reactive PFA) or a tetrafluor- 

oethylene-hexafluoropropylene polymer having functional group (reactive FEP). 

The polymer has heat resistance, chemical resistance and non-sticking property nearly equivalent to those of 

the above-mentioned reactive PTFE (I), and further is superior from the points of possessing transparency and 
15 being melt-processable and from the viewpoint that even when coated in the form of coating, it is possible to make 

the coating film transparent and its surface smooth by heating. 

(III) A polymer comprising 0.05 to 30 % by mole of the fluorine-containing ethylenic monomer (a) having functional 
group based on the total amount of monomers, and further based on the total amount of monomers excluding the 
monomer (a), 40 to 80 % by mole of tetrafluoroethylene, 20 to 60 % by mole of ethylene and 0 to 15 % by mole of 

20 other copolymerizable monomer (ethylene-tetrafluoroethylene polymer having functional group (reactive ETFE)). 

[0055] The polymer is superior from the viewpoint of excellent heat resistance, stain-proofing property, weather resist- 
ance and transparency in addition to excellent chemical resistance, and further excellent mechanical strength, hard- 
ness and rigidity and from the point that molding and combining with other substrate (lamination, etc.) are easy because 
25 of good melt-flowabiJity. 

[0056] The above-mentioned fluorine-containing ethylenic polymers having functional group can be prepared by 
copolymerizing the fluorine-containing ethylenic monomer (a) having functional group and the fluorine-containing eth- 
ylenic monomer (b) having no functional group through known polymerization methods. Among them, radical copolym- 
erization method is mainly used. Namely means for initiating the polymerization is not particularly limited if the 

30 polymerization advances radically. For example, the polymerization is initiated by an organic or inorganic radical polym- 
erization initiator, heat, light, ionizing radiation, etc. The polymerization can be carried out by solution polymerization, 
bulk polymerization, suspension polymerization, emulsion polymerization, or the like. A molecular weight of the polymer 
is regulated by a concentration of the monomers used in the polymerization, a concentration of the initiator, a concen- 
tration of a chain transfer agent and polymerization temperature. Amounts of components of the prepared copolymer 

35 can be regulated by amounts of monomers used. 

[0057] The fluorine-containing ethylenic polymer having functional group and explained above can be made into var- 
ious forms as a material to be applied to a substrate. Represented examples of its application are a coating material or 
a material in the form of film. The polymer may be formed into a molded article. 

[0058] In the present invention, the above-mentioned fluorine-containing ethylenic polymer having functional group 
40 can be applied to a substrate in the form of coating to give a composite material having chemical resistance. 

[0059] In the present invention, in case of use in the form of coating, the polymer is capable of being in the form of 
aqueous dispersion, organic solvent dispersion, powder (including granulate), organosol or an aqueous emulsion of 
organosol. Among them, from environmental and safety points of view, it is preferable to apply in the form of an aqueous 
dispersion or powder (powder coating). 
45 [0060] The coating may be applied so that excellent adhesive property of the fluorine-containing ethylenic polymer 
having functional group to the substrate is exhibited. The coating may be applied in one layer or as a primer. 
[0061] In the present invention, the aqueous dispersion for fluorine-containing coating composition is prepared by dis- 
persing, in water, particles of the above-mentioned fluorine-containing ethylenic polymer having functional group. By 
introducing a functional group in the fluorine-containing polymer, dispersion stability of fine particles in the aqueous dis- 
50 persion is enhanced and a coating composition having good storage stability can be obtained, and further leveling prop- 
erty and transparency of a coating film are enhanced. 

[0062] As the fluorine-containing ethylenic polymer having functional group, from the viewpoint of non-sticking prop- 
erty, heat resistance and friction resistance in addition to chemical resistance, the reactive PTFE (I) is preferred, and 
from the viewpoint of heat resistance and transparency, the reactive PFA or reactive FEP (II) is preferred. 
55 [0063] The above-mentioned aqueous dispersion is preferably in a state of 0.01 to 1 .0 u.m fine particles of the polymer 
being dispersed in water. A surfactant may be blended in the aqueous dispersion for the purpose of dispersion stability. 
Also to the aqueous dispersion can be added additives to be used usually such as pigment, surfactant, defoaming 
agent, viscosity control agent and leveling agent in amounts not lowering remarkably chemical resistance, heat resist- 
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ance and friction resistance. 

[0064] The aqueous dispersion for fluorine-containing coating composition can be prepared through various methods. 
Examples of the method are, for instance, 

a method wherein a powder of the fluorine-containing polymer having functional group and prepared by suspension 
polymerization is finely pulverized and then the pulverized powder is dispersed homogeneously into an aqueous 
dispersion medium with a surfactant, 

a method wherein a fluorine-containing aqueous dispersion is prepared at the same time as emulsion polymeriza- 
tion and further a surfactant and additives are added as case demands, 


and the like methods. From the viewpoint of productivity and quality (for making particle size smaller and more uniform), 
a method of preparing an aqueous dispersion directly by emulsion polymerization is preferred. 
[0065] A concentration of the polymer in the aqueous dispersion varies depending on intended coating thickness, 
concentration and viscosity of a coating composition, coating method, etc., and is usually selected in the range of from 

15 about 5 % by weight to about 70 % by weight. 

[0066] The coating method is not particularly limited. The coating may be carried out by brush coating, spray coating, 
roll coating or the like, followed by drying and then sintering at a temperature of not less than the melting point of the 
polymer and not more than its decomposition temperature depending on kind of the polymer. 
[0067] The coating thickness may be selected depending on application, purpose, substrate, etc. For example, the 

20 coating thickness is from about 5 \im to about 200 |im, preferably from 10 to 100 u.m. 

[0068] The powder coating composition of the present invention comprises a powder of the above-mentioned fluorine- 
containing ethylenic polymer having functional group. 

[0069] Further from the viewpoint of heat resistance, corrosion resistance and non-sticking property in addition to 
chemical resistance, the reactive PFA or reactive FEP (II) is preferred, and from the viewpoint of stain-proofing property, 

25 processability and transparency, the reactive ETFE (III) is preferred. 

[0070] As the fluorine-containing powder coating composition, there can be used preferably one in the form of powder 
or in the granular form having a particle size of 10 to 1 ,000 urn and an apparent density of 0.3 to 1 .2 g/cc. 
[0071] To the fluorine-containing powder coating composition can be added optionally additives in an amount not low- 
ering remarkably characteristics such as chemical resistance and heat resistance of the fluorine-containing resin. 

30 Examples of the additives are, for instance, pigments such as carbon powder, titanium oxide and cobalt oxide; reinforc- 
ing agents such as glass fiber powder, carbon fiber powder and mica; amine anti-oxidant; organic sulfur compound; 
organotin anti-oxidant; phenolic anti-oxidant; thermal stabilizer such as metal soap; leveling agent; anti-static agent; 
and the like. 

[0072] The fluorine-containing powder coating composition and the additives may be admixed in the form of powder 
35 (dry method) or in the form of slurry (wet method), and the mixing in the form of powder is preferred. As the mixing 
equipment, there can be used a conventional mixer or pulverizer, for example, a sand mill, V blender, ribbon blender or 
the like. 

[0073] The fluorine-containing powder coating composition is generally coated by electrostatic spray coating, fluid- 
bed dip coating, rotolining, etc., and then sintered at a temperature of not less than the melting point of the polymer and 
40 not more than its decomposition temperature depending on kind of the polymer, and thus a good coating film can be 
formed. 

[0074] In general in case of electrostatic powder spray coating, a coating film having a thickness of 10 to 200 u.m is 

formed, and in case of rotolining, a coating film having a thickness of 200 to 1,000 urn is formed. 

[0075] Further the fluorine-containing ethylenic polymer having functional group which is used for a fluorine-contain- 

45 ing coating material can be also used, by utilizing its adhesive property, as a primer layer for a fluorine-containing coat- 
ing composition which has good heat resistance at the time when applying a fluorine-containing resin which has no 
functional group and is excellent in chemical resistance and non-sticking property on surfaces of substrates such as 
metai and glass. The obtained composite material having chemical resistance is one comprising a primer layer of a flu- 
orine-containing ethylenic polymer having functional group on a substrate and a top layer of a fluorine-containing poly- 

50 mer having no functional group. It is a matter of course that a fluorine-containing ethylenic polymer having functional 
group may be used as a top coat layer. 

[0076] The primer for a fluorine-containing coating composition comprises the above-mentioned fluorine-containing 
ethylenic polymer having functional group. 

[0077] As the primer, the same fluorine-containing polymer as mentioned above can be used. The primer is selected 
55 optionally depending on kind of a substrate surface, kind of the fluorine-containing polymer to be applied through the 
primer (kind of a top coat), etc. It is preferable in general that the primer for a fluorine-containing coating composition is 
one which has the same structure as the fluorine-containing polymer to be applied thereon and contains a functional 
group. 
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[0078] That combination of the primer and top coat assures good compatibility between the fluorine-containing poly- 
mer to be used as the primer and the fluorine-containing polymer to be applied thereon, and can give not only good 
adhesion to the substrate surface but also good intercoat adhesive strength between the primer layer and the top coat 
layer. Also even in case of the use at high temperature, unlike the case where the primer mixed with other resin com- 

5 ponent is used, intercoat adhesion failure to be caused due to a difference in thermal shrinkage between the polymers, 
cracking, pin hole, etc. are hard to arise. Further since the whole coating film comprises the fluorine-containing polymer, 
it can be used sufficiently for applications requiring transparency and vivid coloring. Still further excellent chemical 
resistance, heat resistance, non-sticking property and friction resistance can be exhibited more effectively because a 
layer of fluorine-containing polymer having no functional group is formed on the outermost surface of the coating film. 

10 [0079] Examples of the fluorine-containing polymer having no functional group and used for a top coat layer are 
PTFE, PFA, FEP, ETFE, PVdF and VdF copolymers. 

[0080] As the primer for fluorine-containing coating composition, there can be used the above-mentioned fluorine- 
containing ethylenic polymer having functional group. In case where a substrate is coated with PTFE, it is preferable to 
use the primer selected from the reactive PTFE (I), reactive PFA and reactive FEP (II). It is particularly preferable to use, 
15 as the primer, thermo-melting reactive PFA or FEP (II) since it is possible to thermo-melt and strongly adhere to a sub- 
strate surface by sintering. In case where a substrate is coated with PFA or FEP, it is preferable to use, as the primer, 
reactive PFA or FEP (II). Further in case where a substrate is coated with ETFE, it is particularly preferable to use, as 
the primer, reactive ETFE (III) from the viewpoint of adhesion and transparency. 

[0081] As a coating method using a primer layer, there can be used preferably a method of coating a fluorine-contain- 
20 ing polymer, which mainly comprises the following three steps; 

(First step) a step for applying, to a substrate surface, the primer for fluorine-containing coating composition com- 
prising the above-mentioned fluorine-containing polymer having functional group, 

(Second step) a step for applying a fluorine-containing coating composition comprising a fluorine-containing poly- 
25 mer having functional group or no functional group, to the primer layer formed in the above first step, and 
(Third step) a step for sintering the laminated article obtained in the above first and second steps. 

Further the primer layer applied in the above first step may be set by drying at 80° to 1 50°C for about 5 minutes to about 
30 minutes prior to the second step (2 coats/1 bake) or may be sintered, for example, at a temperature of not less than 

30 the melting temperature thereof prior to the second step (2 coats/2 bakes). 

[0082] The method for applying the primer in the first step is optionally selected depending on the form of the primer. 
For example, in case where the fluorine-containing primer is in the form of aqueous dispersion, spray coating, spin coat- 
ing, brush coating and dip coating methods are used. Also in case of the form of powder coating composition, coating 
methods such as electrostatic coating, fluid-bed dip coating and rotolining are employed. 

35 [0083] A thickness of the primer layer may vary depending on purpose, application, kind of a substrate surface and 
coating method. The thickness is from 1 to 50 jxm, preferably from 2 to 20 am. Since the thickness of the primer is in 
general thin as mentioned above, it is preferable to coat the primer in the form of aqueous dispersion by spray coating, 
etc. 

[0084] The method for applying the coating composition comprising a fluorine-containing polymer having functional 
40 group or no functional group to the primer layer in the second step is optionally selected depending on kind of the fluo- 
rine-containing polymer, form of the coating, purpose and application. For example, in case of an aqueous dispersion 
and organic solvent dispersion, usually spray coating, brush coating, roll coating and spin coating are carried out. In 
case of a powder coating composition, electrostatic coating, fluid-bed dip coating or rotolining are carried out. 
[0085] A coating thickness of the fluorine-containing polymer in this step varies entirely depending on application of 
45 the composite material having chemical resistance and coating method. The thickness is in general from 5 to 50 urn, 
preferably from about 10 urn to about 30 u.m in case of spray coating. When a thick coating film is desired by using a 
powder coating composition, it is possible to apply at a thickness of 20 to 2,000 |im in case of electrostatic coating, and 
at a thickness of 0.3 to 10 mm in case of rotolining. 

[0086] Sintering conditions in the third step are optionally selected depending on kinds of fluorine-containing polymers 
so (component, melting point, etc.) of the primer layer and the top layer thereon. The sintering is carried out in general at 
a temperature of not less than the melting point of the both fluorine-containing polymers. A sintering time varies 
depending on the sintering temperature, and is from five minutes to three hours, preferably from about 10 minutes to 
about 30 minutes. For example, when coating with PTFE, PFA and FEP, sintering is carried out at 300° to 400°C, pref- 
erably 320° to 380°C. 

55 [0087] Then technique for applying the above-mentioned fluorine-containing ethylenic polymer having functional 
group in the form of film to produce a composite material having chemical resistance is explained. 
[0088] Merits of applying in the form of film are as follows. 
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® A film comprising a fluorine-containing ethylenic polymer having functional group is advantageous from the 
viewpoint of processing since an applicator necessary for hot melt adhesive is not required, and the film can be 
adhered by thermocompression bonding while being put on a substrate or inserted between substrates. 
@ Further since a uniform adhesive layer is formed on the whole surface of substrate, a film free from nonuniform 
5 adhesion and having uniform adhesive strength can be obtained, and thus can be also applied to a substrate hav- 

ing poor or no compatibility therewith. 

© Further the film can be cut into various shapes, and thus is advantageous from the viewpoint of a small loss in 
processing work, good working environment and cost. 

10 [0089] The preferred fluorine-containing polymer film of the present invention is one which is produced by molding the 
above-mentioned fluorine-containing ethylenic polymer having functional group. The film can be adhered to various 
substrates without surface treating and using usual adhesives, thereby giving excellent characteristics of a fluorine-con- 
taining polymer to a substrate. 

[0090] Though it is possible to produce adhesive films from the above-mentioned fluorine-containing polymers having 
15 functional group by using various adhesives depending on purpose of the composite material having chemical resist- 
ance, film production process and adhering method, the above-mentioned copolymer (II) (reactive PFA or reactive FEP) 
or copolymer (III) (reactive ETFE) is preferred since the adhesive film itself has, in addition to chemical resistance, heat 
resistance, non-sticking property and mechanical properties; efficient film molding represented by melt-molding can be 
carried out; the film has good moldability; making the film thin and uniform is possible; and it is possible to melt the film 
20 by various thermocompression bonding methods to adhere strongly and beautifully to various substrates. Particularly 
preferred functional group is hydroxyl from the viewpoint of heat resistance. 

[0091] A thickness of the fluorine-containing polymer film is selected depending on application of the composite mate- 
rial having chemical resistance and is not limited particularly. The thickness is from 10 to 3,000 u.m, preferably from 20 
to 500 um, particularly preferably from 40 to 300 ujti. 
25 [0092] In case of too thin films, special production method is required; it is difficult to handle the film at the time of 
adhering; wrinkling, breaking and poor appearance occur easily; and there is a case where adhesive strength, mechan- 
ical strength, chemical resistance and weather resistance become insufficient. Too thick film is disadvantageous from 
the viewpoint of cost and workability at the time of bonding to one unit. 

[0093] In the present invention, the fluorine-containing polymer film may be used alone or can be used in the lami- 
30 nated film comprising the film (adhesive layer) of fluorine-containing ethylenic polymer having functional group and the 
film (surface layer) of fluorine-containing ethylenic polymer having functional group or no functional group. 
[0094] Namely one surface of the film is a layer comprising a fluorine-containing ethylenic polymer having functional 
group and has adhesive property to a substrate, and another surface of the film is a layer comprising usual fluorine-con- 
taining polymer. By bringing the surface of the fluorine-containing ethylenic polymer having functional group into contact 
35 to the substrate and adhering it to the substrate by thermocompression bonding, etc., excellent characteristics of the 
fluorine-containing polymer such as chemical resistance, non-sticking property, stain-proofing property, friction resist- 
ance, weather resistance and electrical properties (high frequency electrical insulation property) can be given to the 
composite material. 

[0095] In the present invention, a thickness of the two-layered laminated film of fluorine-containing polymer is selected 
AO depending on application of the composite material having chemical resistance, and is not limited particularly. The total 
thickness of two layers is from 20 to 5,000 u.m, preferably from 40 to 1,000 jim, particularly preferably from 100 to 500 

lam. 

[0096] A thickness of each layer which can be used is from 5 to 1 ,000 u,m, preferably from 1 0 to 500 u.m, particularly 
preferably from 10 to 200 \im of the adhesive layer, and from about 15 u.m to about 4,995 urn, preferably from 30 to 990 

45 urn, particularly preferably from 90 to 490 fim of the fluorine-containing polymer layer (surface layer). 

[0097] The film for the surface layer may be adhered after adhering the film for the adhesive layer to a substrate. 
[0098] To the film of fluorine-containing polymer having functional group can be optionally incorporated proper addi- 
tives such as a reinforcing agent, filler, stabilizer, ultraviolet ray absorber, pigment, etc. in an amount not lowering char- 
acteristics of the film. Those additives make it possible to improve thermal stability, surface hardness, abrasion 

50 resistance, weather resistance and electrostatic charge, etc. 

[0099] The fluorine-containing film of the present invention can be produced, depending on kind of polymers used 
and desired shape of the film, by various methods such as thermal melting method, extrusion method, cutting method, 
solvent-casting method and a method of applying a powder or an aqueous dispersion or organic solvent dispersion to 
form a continuous coating film. 

55 [0100] For example, a polymer which comprises the above-mentioned reactive PTFE and is difficult to be melt-molded 
can be molded by compression molding, extrusion molding (ram extrusion, paste extrusion, roll press, etc.) or the like. 
A polymer such as reactive PFA, FEP or ETFE which is melt-moldable is molded by compression molding and extrusion 
molding, and melt-extrusion molding is particularly preferred from the viewpoint of productivity and product quality. 
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[0101] Bonding of the two films into one laminated film can be carried out by a method of overlapping the respective 
molded films for adhesive layer and surface layer and then compression-molding; a method of applying one fluorine- 
containing polymer to a molded film comprising another fluorine-containing polymer; a method of carrying out film mold- 
ing and bonding of films at the same time through multilayer co-extrusion molding method, or the like method. Among 

5 them, the multi-layer co-extrusion molding method is preferred from the viewpoint of productivity and product quality. 
[0102] Adhesion of the film of fluorine-containing polymer having functional group to a substrate is achieved through 
thermal activation by heating, etc. Further thermo-melting adhesion is preferable. Represented examples of the adher- 
ing method are heating roller method and heat press method. Also there are other methods such as high-frequency 
heating, microwave heating, vacuum compression (vacuum press, etc.) and pneumatic press. Those methods can be 

10 optionally selected depending on kind and shape of a substrate, condition and kind of film, etc. 

[0103] Examples of the substrate on which the fluorine-containing polymer having functional group can be adhered, 
are a metallic substrate, ceramic substrate, synthetic resin substrate, and the like. 

[0104] Metals of the metallic substrate encompass metal, alloys of two or more metals, metal oxide, metal hydroxide, 
metal salts such as carbonate and sulfate, etc. Among them, metal, metal oxide and alloys are more preferable from 
15 the viewpoint of adhesive property. 

[0105] Examples of the metallic substrate are metals and metal compounds of aluminum, iron, nickel, titanium, molyb- 
denum, magnesium, manganese, copper, silver, lead, tin, chromium, beryllium, tungsten and cobalt, alloys of two or 
more thereof, etc. 

[0106] Examples of the alloys are alloy steels such as carbon steel, Ni steel, Cr steel, Ni-Cr steel, Cr-Mo steel, stain- 
20 less steel, silicon steel and Permalloy; aluminum alloys such as AI-CI, Al-Mg, AJ-Si, Al-Cu-Ni-Mg and Al-Si-Cu-Ni-Mg; 
copper alloys such as brass, bronze, silicon bronze, silicon brass, nickel silver and nickel bronze; nickel alloys such as 
nickel manganese (D nickel), nickel-aluminum (Z nickel), nickel-silicon, Monel metal, Constantan, nichrome Inconel and 
Hastelloy; and the like. 

[0107] Further as the aluminum-based metal, there can be used pure aluminum; aluminum oxide; and aluminum 
25 alloys for casting and expanding such as Al-Cu, Al-Si, Al-Mg, Al-Cu-Ni-Mg, Al-Si-Cu-Ni-Mg alloys, high tensile alumi- 
num alloy and corrosion resistant aluminum alloy. 

[0108] Also as the iron-based metals, there can be used pure iron, iron oxide, carbon steel, Ni steel, Cr steel, Ni-Cr 
steel, Cr-Mo steel, Ni-Cr-Mo steel, stainless steel, silicon steel, Permalloy, non-magnetic steel, magnet steel, cast steel, 
etc. 

30 [0109] Also the fluorine-containing polymer having functional group can be adhered to a substrate which was sub- 
jected to, for the purpose of preventing corrosion of metal, coating of other metal by electroplating, hot dipping, chroma- 
tizing, siiconizing, colorizing, sheradizing, metal spraying, etc.; forming a phosphate film by phosphatization; forming 
metal oxide by anodizing or heat-oxidizing; or electrochemical corrosion prevention. 

[0110] Further for the purpose of enhancing adhesion, the surface of metallic substrate may be subjected to chemical 
35 preparation with a phosphoric acid, sulfuric acid, chromic acid, oxalic acid, etc., or may be subjected to surface rough- 
ening by sand blasting, shot blasting, grit blasting, honing, paper scratching, wire scratching, hair line finishing, etc. For 
the purpose of exhibiting clear surface pattern of the substrate, the metal surface may be subjected to coloring, printing, 
etching, etc. 

[0111] In case of the above-mentioned aluminum or aluminum alloy substrate, in order to enhance corrosion resist- 
40 ance, surface hardness and adhesive property of the substrate, it is possible to form an oxide film (alumite) on the sub- 
strate by anodizing with caustic soda, oxalic acid, sulfuric acid or chromic acid and also use the aluminum or aluminum 
alloy substrate subjected to other surface treatments mentioned above. 

[0112] Further there may be used a substrate plated, on its surface, with other metal as mentioned above, for exam- 
ple, steel plate subjected to hot-dip zinc-plating, hot-dip zinc alloy plating, aluminum plating, zinc-nickel plating, zinc- 

45 aluminum plating, or the like; a substrate coated with other metal by diffusion coating or thermal spraying; a substrate, 
on which an oxide film is formed by chemical conversion treatment with chromic acid or phosphoric acid or heat-treat- 
ment; a substrate subjected to electric corrosion preventing treatment (for example, galvanized steel plate); or the like. 
[0113] Examples of the ceramic substrate are, for instance, glass, pottery, porcelain, quartz, etc. 
[0114] Components of glass are not particularly limited. Examples are silica glass, lead glass, non-alkali glass, alkali 

so glass, etc. 

[0115] Examples of the synthetic resin substrate are, for instance, an acrylic resin, polycarbonate, polypropylene, heat 
resistant engineering plastic, thermosetting resin, etc. 

[0116] Examples of the substrate used usually for the composite material having chemical resistance of the present 
invention are all of those mentioned above, and as metallic substrates which are used in many cases are, for instance, 

55 

® cold rolled steel sheet, 

(2) plated steel sheet, for example, Zn-plated steel sheet, Zn alloy-plated steel sheet, Al-plated steel sheet, Al alloy- 
plated steel sheet, Cr-plated steel sheet (TFS), Ni-plated steel sheet, Cu-plated steel sheet, galvanized steel sheet, 
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etc., 

<3) aluminum sheet, 

@ titanium sheet, 

© stainless steel sheet, 

5 

and the like. 

[0117] In addition, where transparency is required, a ceramic substrate of glass and a synthetic resin substrate of 
acrylic resin and polycarbonate are usually used. 

[0118] Also in case where transparency is required and elution of particularly sodium ion is not desired, quartz is 
w used. 

[01 19] It is preferable that the form of the substrate is the same as a form of a finished product using the composite 
material having chemical resistance from the viewpoint that there is a case where processability is difficult after a coat- 
ing film, etc. is formed. 

[0120] The composite material of the present invention can be used on various vessels and piping materials firstly 
75 because the fluorine-containing resin on its surface has excellent chemical resistance, secondarily because the fluo- 
rine-containing resin is applied to a substrate with good adhesive property and thirdly because the fluorine-containing 
resin possesses good transparency, heat resistance, stain-proofing property, water- and oil repelling property, and the 
like. 

[0121] Non-restricted examples of vessels and piping materials and parts thereof to which the composite material 
20 having chemical resistance of the present invention can be suitably applied are classified below by fields they belong to. 

[1] Vessels 

(D Chemicals tank (stationary tank, transportation tank) 

25 

[0122] 

Chemicals: Industrial chemicals such as acids, alkalis (organic or inorganic), halogens and organic solvents 
Application: Inner lining 
30 Substrate: SUS, iron, glass and quartz 

Fluorine-containing polymer having functional group: Reactive PTFE, reactive PFA or FEP, reactive ETFE and 
reactive PVdF 

Form of polymer to be applied: Coating and film 

Effect: Processability, chemical resistance and less permeation of chemicals 

35 

@ Bottle 
[0123] 

40 Chemicals: Industrial chemicals such as acids, alkalis (organic or inorganic), halogens and organic solvents 
Application: Inner lining 
Substrate: Glass, SUS and aluminum 

Fluorine-containing polymer having functional group: Reactive PTFE, reactive PFA or FEP, reactive ETFE and 
reactive PVdF 

45 Form of polymer to be applied: Coating and film 

Effect: Processability, transparency, chemical resistance and less permeation of chemicals 

Q) Wafer basket 

50 [0124] 

Chemicals: Etchants such as hydrochloric acid, sulfuric acid, nitric acid, hydrofluoric acid, aqueous ammonium flu- 
oride, hydrogen peroxide and aqueous ammonia, alcohols and hydrochloric and fluoric solvents for washing 
Application: Surface 
55 Substrate: SUS 

Fluorine-containing polymer having functional group: Reactive PTFE and reactive PFA or FEP 
Form of polymer to be applied: Coating and film 

Effect: Processabiity, chemical resistance and less permeation of chemicals 
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® Bomb 
[0125] 

5 Chemicals: Corrosive gases such as chlorine, hydrogen chloride gas, liquid ammonia and H 2 S 

Application: Inner lining 
Substrate: SUS and iron 

Fluorine-containing polymer having functional group: Reactive PTFE, reactive PFA or FEP, reactive ETFE and 
reactive PVdF 

10 Form of polymer to be applied: Coating and film 

Effect: Processability, chemical resistance and less permeation of chemicals 

[2] Piping materials 

15 Q Pipe 

[0126] 

Chemicals: Industrial chemicals such as acids, alkalis (organic or inorganic), halogens and organic solvents and 
20 chemicals for chemical reaction 
Application: Inner lining 
Substrate: SUS and iron 

Fluorine-containing polymer having functional group: Reactive PTFE, reactive PFA or FEP, reactive ETFE and 
reactive PVdF 

25 Form of polymer to be applied: Coating (powder), film and tube 

Effect: Processability, chemical resistance and less permeation of chemicals 

© Joint (elbow, coupling, etc.) 

30 [0127] 

Chemicals: Industrial chemicals such as acids, alkalis (organic or inorganic), halogens and organic solvents and 
chemicals for chemical reaction 
Application: Inner surface 
35 Substrate: SUS and iron 

Fluorine-containing polymer having functional group: Reactive PTFE, reactive PFA or FER reactive ETFE and 
reactive PVdF 

Form of polymer to be applied: Coating (powder) and film 

Effect: Processabiity, chemical resistance and less permeation of chemicals 

AO 

© Valve 
[0128] 

45 Chemicals: Industrial chemicals such as acids, alkalis (organic or inorganic), halogens and organic solvents and 
chemicals for chemical reaction 
Application: Inner surface contacting to chemicals 
Substrate: SUS and iron 

Fluorine-containing polymer having functional group: Reactive PTFE, reactive PFA or FER reactive ETFE and 
50 reactive PVdF 

Form of polymer to be applied: Coating (powder) and film 

Effect: Processabiity, chemical resistance and less permeation of chemicals 
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[3] Production equipment for industrial use (chemical, semi-conductor, food, etc.) 
(D Tank and tower 
5 [0129] 

Chemicals: Industrial chemicals such as acids, alkalis (organic or inorganic), halogens and organic solvents and 
chemicals for chemical reaction 

Application: Inner surface and part contacting to chemicals 
w Substrate: SUS and iron 

Fluorine-containing polymer having functional group: Reactive PTFE, reactive PFA or FEP, reactive ETFE and 
reactive PVdF 

Form of polymer to be applied: Coating (powder), film and tube 

Effect: Processability, chemical resistance and less permeation of chemicals 

15 

@ Pump 
[0130] 

20 Chemicals: Industrial chemicals such as acids, alkalis (organic or inorganic), halogens and organic solvents and 
chemicals for chemical reaction 
Application: Casing and part contacting to chemicals 
Substrate: SUS and iron 

Fluorine-containing polymer having functional group: Reactive PTFE, reactive PFA or FEP, reactive ETFE and 
25 reactive PVdF 

Form of polymer to be applied: Coating (powder), film and tube 

Effect: Processability, chemical resistance and less permeation of chemicals 

EXAMPLES 

30 

[0131] The composite materials having chemical resistance of the present invention are then explained by means of 
preparation examples and examples, but the present invention is not limited to those examples. 

PREPARATION EXAMPLE 1 

35 

(Preparation of aqueous dispersion comprising PFA having hydroxyl) 

[0132] A 3-liter glass-lined autoclave equipped with a stirrer, valve, pressure gauge and thermometer was charged 
with 1,500 ml of pure water and 9.0 g of ammonium perfluorooctanoate. After replacing with nitrogen gas sufficiently, 
40 the autoclave was evacuated and charged with 20 ml of ethane gas. 

[0133] Then 3.8 g of perfluoro-(1,1,9,9-tetrahydro-2,5-bistrifluoromethyl-3,6-dioxa-8-nonenol) (formula (7)): 

CF 3 CF 3 
CH 2 °CFCF 2 OCFCF 2 OCFCH 2 OH (7) 

and 18 g of perfluoro(propyl vinyl ether) (PPVE) were fed into the autoclave with pressurized nitrogen gas, and a tem- 
50 perature inside the system was maintained at 70°C. 

[0134] Pressurized tetrafluoroethylene (TFE) gas was introduced into the autoclave with stirring so that the inside 
pressure of the autoclave became 8.5 kgf/cm 2 G. 

[0135] Then a solution prepared by dissolving 0. 1 5 g of ammonium persulfate in 5.0 g of water was added with pres- 
surized nitrogen gas to initiate the reaction. 
55 [0136] Since the pressure lowered with the advance of the polymerization reaction, it was increased again to 8.5 
kgf/cm 2 G by feeding tetrafluoroethylene gas at the time when it lowered to 7.5 kgf/cm 2 G. Thus the decreasing and 
increasing of the pressure was repeated. 

[0137] With continuing supply of tetrafluoroethylene, every time when about 40 g of tetrafluoroethylene gas was con- 
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sumed after starting of the polymerization, 1.9 g of the above-mentioned fluorine-containing ethylenic monomer having 
hydroxyl (compound represented by the formula (7)) was introduced under pressure three times (5.7 g in total) to con- 
tinue the polymerization. At the time when about 160 g of tetrafluoroethylene gas was consumed after starting of the 
polymerization, the supplying thereof was terminated and the autoclave was cooled and the un-reacted monomer was 
5 released to give 1 ,702 g of a bluish semi-transparent aqueous dispersion. 

[0138] A concentration of the polymer in the obtained aqueous dispersion was 10.9 %, and a particle size measured 
by dynamic light scattering method was 70.7 nm. 

[01 39] Also a part of the obtained aqueous dispersion was sampled and subjected to freeze coagulation, and the pre- 
cipitated polymer was rinsed and dried to isolate a white solid. Components and their amounts of the obtained copoly- 

w mer which were determined through 19 F-NMR and IR analyses were TFE/PPVE/(Fluorine-containing ethylenic 
monomer having hydroxyl and represented by the formula (7)) = 97.7/1.2/1.1 % by mole. 
[0140] In infrared spectrum, characteristic absorption of -OH was observed at 3,620 to 3,400 cm* 1 . 
[0141] According to DSC analysis, Tm was 310°C, and according to DTGA analysis, 1 % thermal decomposition tem- 
perature Td was 368°C. A melt flow rate measured under conditions of preheating at 372°C for five minutes at a load of 

15 7 kgf/cm 2 by using Koka-type flow tester and nozzles of 2 mm diameter x 8 mm length was 12.0 g/10 min. 

PREPARATION EXAMPLE 2 

(Preparation of aqueous dispersion comprising PFA having hydroxyl) 

20 

[0142] The same autoclave as in Preparation Example 1 was charged with 1 ,500 ml of pure water and 9.0 g of ammo- 
nium perfluorooctanoate. After replacing with nitrogen gas sufficiently, the autoclave was evacuated and charged with 
20 ml of ethane gas. 

[0143] Then 1.9 g of perfluoro-( 1,1,9, 9-tetrahydro-2,5-bistrifluoromethyl-3,6-dioxa-8-nonenol) (compound of the for- 
25 mula (7)) and 16.1 g of perfluoro(propyl vinyl ether) (PPVE) were fed into the autoclave with pressurized nitrogen gas, 
and a temperature inside the system was maintained at 70°C. 

[0144] Pressurized tetrafluoroethylene (TFE) gas was introduced into the autoclave with stirring so that the inside 
pressure became 8.5 kgf/cm 2 G. 

[0145] Then a solution prepared by dissolving 0.15 g of ammonium persulfate in 5.0 g of water was fed with pressu- 
30 rized nitrogen gas to initiate the reaction. 

[0146] Since the pressure lowered with the advance of the polymerization reaction, at the time when the pressure 
lowered down to 7.5 kgf/cm 2 G, it was increased again to 8.5 kgf/cm 2 G with tetrafluoroethylene gas, and the decreasing 
and increasing of the pressure were repeated. 

[0147] ' With continuing supply of tetrafluoroethylene, every time when 40 g of tetrafluoroethylene gas was consumed 
35 after starting of the polymerization, 0.95 g of the fluorine-containing ethylenic monomer having hydroxyl (compound 
represented by the formula (7)) was introduced three times (2.85 g in total) under pressure to continue the polymeriza- 
tion. When 160 g of tetrafluoroethylene was consumed after starting of the polymerization, the supplying thereof was 
terminated. The autoclave was cooled and the un-reacted monomer was released to give 1,692 g of an aqueous dis- 
persion. A concentration of the polymer in the obtained aqueous dispersion was 10.6 % and a particle size thereof was 
40 76.8 nm. 

[0148] A part of the aqueous dispersion was sampled, and a white solid was isolated in the same manner as m Prep- 
aration Example 1. 

[0149] The same analysis as above of the obtained white solid indicates: 

45 TFE/PPVE/(Fluorine-containing monomer having hydroxyl and represented by the formula (7)) = 98.3/1.1/0.6 % by 
mole 

Tm = 310°C 

1 % Thermal decomposition temperature Td = 374°C 
Melt flow rate: 9.5 g/10 min 

50 

[0150] In infrared spectrum, characteristic absorption of -OH was observed at 3,620 to 3,400 cm* 1 . 

PREPARATION EXAMPLE 3 

55 (Synthesis of aqueous dispersion of PFA having no functional group) 

[0151] Emulsion polymerization was carried out in the same manner as in Preparation Example 1 except that per- 
fluoro-(1,1,9,9-tetrahydro-2,5-bistrifluoromethyl-3,6-dioxa-8-nonenol) (compound of the formula (7)) was not used, and 
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1 ,662 g of an aqueous dispersion of PFA having no functional group was obtained. 

[01 52] A concentration of the polymer in the aqueous dispersion was 9.7 %, and a particle size thereof was 1 1 5 nm. 
[0153] A white solid was isolated and analyzed in the same manner as in Preparation Example 1. 

5 TFE/PPVE = 98.9/1.1 % by mole 

Tm = 310°C 

1 % Thermal decomposition temperature Td = 479°C 
Melt flow rate: 19.2 g/10 min 

10 [0154] In infrared spectrum, no characteristic absorption of -OH was observed. 

PREPARATION EXAMPLE 4 

(Synthesis of PFA having hydroxyl) 

15 

[0155] A 6-liter glass-lined autoclave equipped with a stirrer, valve, pressure gauge and thermometer was charged 
with 1 ,500 ml of pure water. After replacing with nitrogen gas sufficiently, the autoclave was evacuated and charged with 
1,500 g of 1,2-dichloro-1,1,2,2-tetrafluoroethane (R-114). 

[0156] Then 5.0 g of perfluoro-(1,1,9,9-tetrahydro-2,5-bistrifluoromethyl-3,6-dioxa-8-nonenol) (compound of the for- 
20 mula (7)), 130 g of perfluoro(propyl vinyl ether) (PPVE) and 180 g of methanol were fed into the autoclave with pressu- 
rized nitrogen gas, and a temperature inside the system was maintained at 35°C. 

[0157] Pressurized tetrafluoroethylene (TFE) gas was introduced into the autoclave with stirring so that the inside 
pressure became 8.0 kgf/cm 2 G. Then 0.5 g of a 50 % methanol solution of di-n-propyl peroxydicarbonate was fed with 
pressurized nitrogen to initiate the reaction. 
25 [0158] Since the pressure lowered with the advance of the polymerization reaction, at the time when the pressure 
lowered down to 7.5 kgf/cm 2 G, it was increased again to 8.0 kgf/cm 2 G with tetrafluoroethylene gas, and the decreasing 
and increasing of the pressure were repeated. 

[01 59] With continuing supply of tetrafluoroethylene, every time when about 60 g of tetrafluoroethylene gas was con- 
sumed after starting of the polymerization, 2.5 g of the fluorine-containing ethylenic monomer having hydroxyl (com- 

30 pound represented by the formula (7)) was introduced nine times (22.5 g in total) under pressure to continue the 
polymerization. When about 600 g of tetrafluoroethylene was consumed after starting of the polymerization, the supply- 
ing thereof was terminated. The autoclave was cooled and the un-reacted monomer and R-1 14 were released. 
[0160] The obtained copolymer was washed with water, rinsed with methanol and then vacuum-dried to give 710 g of 
a white solid. The composition of the obtained copolymer was TFE/PPVE/(Fluorine-containing ethylenic monomer hav- 

35 ing hydroxyl and represented by the formula (7)) = 97.0/2.0/1.0 % by mole according to 19 F-NMR and IR analyses. In 
infrared spectrum, characteristic absorption of -OH was observed at 3,620 to 3,400 cm" 1 . According to DSC analysis, 
Tm was 305°C, and according to DTGA analysis, 1 % thermal decomposition temperature Td was 375°C. A melt flow 
rate measured under conditions of preheating at 372°C for five minutes at a load of 7 kgf/cm 2 by using Koka-type flow 
tester and nozzles of 2 mm diameter x 8 mm length was 32 g/10 min. 

40 

PREPARATION EXAMPLE 5 

(Synthesis of PFA having hydroxyl) 

45 [0161] A 6-liter glass-lined autoclave equipped with a stirrer, valve, pressure gauge and thermometer was charged 
with 1 ,500 ml of pure water. After replacing with nitrogen gas sufficiently, the autoclave was evacuated and charged with 
1,500 g of 1,2-dichloro-1,1,2,2-tetrafluoroethane (R-114). 

[01 62] Then the reaction was initiated in the same manner as in Preparation Example 4 except that 2.5 g of perfluoro- 
(1,1,9,9-tetrahydro-2,5-bistrifluoromethyl-3,6-dioxa-8-nonenol) (formula (7)), 132 g of perfiuoro( propyl vinyl ether) 
so (PPVE) and 230 g of methanol were used. A temperature inside the system was maintained at 35°C. 

[0163] Pressurized tetrafluoroethylene (TFE) gas was introduced into the autoclave with stirring so that the inside 
pressure of the autoclave became 8.0 kgf/cm 2 G. Then 0.5 g of a 50 % methanol solution of di-n-propyl peroxydicarbo- 
nate was added with pressurized nitrogen gas to initiate the reaction. 

[0164] Since the pressure lowered with the advance of the polymerization reaction, it was increased again to 8.0 
55 kgf/cm 2 G by feeding tetrafluoroethylene gas at the time when it lowered to 7.5 kgf/cm 2 G. Thus the decreasing and 
increasing of the pressure was repeated. 

[01 65] Further 680 g of a white solid copolymer was obtained in the same manner as in Preparation Example 4 except 
that every time when about 60 g of tetrafluoroethylene gas was consumed after starting of the polymerization, 1 .23 g of 
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the above-mentioned fluorine-containing ethylenic monomer having hydroxyl (compound represented by the formula 
(7)) was introduced under pressure nine times (1 1 . 1 0 g in total). Components and their amounts of the obtained copol- 
ymer which were determined through 19 F-NMR and IR analyses were TFE/PPVE/(Fluorine-containing ethylenic mon- 
omer having hydroxyl and represented by the formula (7)) = 97.6/2.0/0.4 % by mole. In infrared spectrum, characteristic 
5 absorption of -OH was observed at 3,620 to 3,400 cm" 1 . According to DSC analysis, Tm was 310°C, and according to 
DTGA analysis, a decomposition starting temperature was 368°C and 1 % thermal decomposition temperature Td was 
375°C. A melt flow rate measured under conditions of preheating at 372°C for five minutes at a load of 7 kgf/cm 2 by 
using Koka-type flow tester and nozzles of 2 mm diameter x 8 mm length was 42 g/10 min. 

W PREPARATION EXAMPLE 6 

(Synthesis of PFA having no functional group) 

[0166] Synthesis was carried out in the same manner as in Preparation Example 4 except that perfl uoro-( 1,1,9, 9-tet- 
15 rahydro-2,5-bistrifluoromethyl-3,6-dioxa-8-nonenol) (compound represented by the formula (7)) was not used and 240 
g of methanol was used, and thus 597 g of PFA having no functional group was obtained. 

[0167] The obtained PFA was analyzed in the same manner as in Preparation Example 4 and the results were as 
follows. 

20 TFE/PPVE = 98.2/1 .8 % by mole 
Tm = 310°C 

Td = 469°C (1 % weight reduction) 
Melt flow rate: 24 g/10 min 

25 PREPARATION EXAMPLE 7 

(Preparation of PFA powder coating composition having hydroxyl) 

[01 68] The PFA powder having hydroxyl (apparent specific gravity: 0.5, true specific gravity: 2. 1 , average particle size: 
30 600 urn) and prepared in Preparation Example 4 was compressed into a sheet of 60 mm wide x 5 mm thick by a Roller 
Compactor (Model BCS-25 available from Shinto Kogyo Kabushiki Kaisha), and then crushed into about 10 mm diam- 
eter by a crusher and further finely pulverized at room temperature at 1 1 ,000 rpm by a pulverizer (Cosmomizer Model 
N-1 available from Kabushiki Kaisha Nara Kikai Seisakusho). Subsequently the coarse powder particles of not less than 
170 mesh (88 u.m of sieve opening) were separated by a classifier (Hibolder Model 300SD available from Shi-Tokyo 
35 Kikai Kabushiki Kaisha) to give a PFA powder coating composition having hydroxyl. An apparent density of the powder 
was 07 g/ml, and an average particle size thereof was 20 um 

PREPARATION EXAMPLE 8 

40 (Preparation of PFA powder coating composition having no functional group) 

[0169] A PFA powder coating composition was prepared in the same manner as in Preparation Example 7 except that 
the PFA powder having no functional group (apparent specific gravity: 0.6, true specific gravity: 2.1, average particle 
size: 400 u.m) and prepared in Preparation Example 6 was used instead of the PFA powder having hydroxyl and pre- 
45 pared in Preparation Example 4. An apparent density of the powder was 0.73 g/ml, and an average particle size thereof 
was 20 u,m. 

PREPARATION EXAMPLE 9 

so (Synthesis of fluorine-containing polymer prepared by using a non-fluorine-containing monomer having functional 
group) 

[01 70] A 1 -liter stainless steel autoclave equipped with a stirrer, valve, pressure gauge and thermometer was charged 
with 250 g of butyl acetate, 36.4 g of vinyl pivalate (VPi) and as a non-fluorine-containing monomer having hydroxy!, 
55 32.5 g of 4-hydroxybutyl vinyl ether (HBVE) and 4.0 g of isopropoxycarbonyl peroxide. After cooling to 0°C with ice and 
replacing with nitrogen gas sufficiently, the autoclave was evacuated and charged with 47.5 g of isobutylene (IB) and 
142 g of tetrafluoroethylene (TFE). 

[0171] The autoclave was heated to 40°C and reaction was carried out for 30 hours with stirring. At the time when the 
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inside pressure of the reaction vessel was lowered to not more than 2.0 kg/cm 2 , the reaction was terminated. The auto- 
clave was cooled and un-reacted gas monomer was released, and thus a butyl acetate solution of a fluorine-containing 
polymer was obtained. A polymer concentration was 45 %. 

[0172] A fluorine-containing polymer was separated from the obtained butyl acetate solution of a fluorine-containing 
5 polymer through re-precipitation method, followed by sufficiently reducing pressure and drying, thus being separated in 
the form of white solid. According to 1 H-NMR and 19 F-NMR elementary analyses, the obtained fluorine-containing pol- 
ymer was a copolymer of TFE/IB/VPi/HBVE = 44/34/1 5/7 % by mole. 

PREPARATION EXAMPLE 10 

w 

(Production of film of PFA having hydroxyl) 

[0173] A metal die of 100 mm diameter was charged with 8.0 g of the white solid obtained in Preparation Example 4 
and set on a press machine of 350°C, followed by preheating for 30 minutes and then compression-molding at 70 
is kg/cm 2 for one minute. Thus a 0.5 mm thick film was obtained. 

PREPARATION EXAMPLE 11 

(Production of film of PFA having hydroxyl) 

20 

[0174] The same procedures as in Preparation Example 10 were repeated except that the white solid obtained in 
Preparation Example 5 was used, to give a 0.5 mm thick film. 

PREPARATION EXAMPLE 12 

25 

(Production of film of PFA having no functional group) 

[0175] The same procedures as in Preparation Example 10 were repeated except that the white solid obtained in 
Preparation Example 6 was used, to give a 0.5 mm thick film. 

30 

PREPARATION EXAMPLE 13 

(Production of film of PFA having hydroxyl by extrusion) 

35 [0176] The white solid obtained in Preparation Example 4 was extruded at 350° to 370°C by using a two screw 
extruder (LABOPLASTOMIL available from Toyo Seiki Kabushiki Kaisha) to give pellets. The pellets were extruded at 
360° to 380°C at a roll temperature of 120°C by using a single screw extruder (LABOPLASTOMIL available from Toyo 
Seiki Kabushiki Kaisha) to give a film of 10 cm wide x 100 to 150 u.m thick. 

40 PREPARATION EXAMPLE 14 

(Production of film of PFA having no functional group by extrusion) 

[0177] The same procedures as in Preparation Example 13 were repeated except that the white solid obtained in 
45 Preparation Example 6 was used, to give pellets. Further extrusion was carried out in the same manner as in Prepara- 
tion Example 13 to give a film of 10 cm wide x 100 to 150 urn thick. 

PREPARATION EXAMPLE 15 

so (Production of laminated film of PFA having hydroxyl and PTFE) 

[0178] The film of PFA having hydroxyl and obtained in Preparation Example 13 and a 0.5 mm thick PTFE film were 
overlapped and compression-molded in the same manner as in Preparation Example 10. 
[0179] The two layers were adhered strongly. 

55 
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PREPARATION EXAMPLE 16 

(Production of film of PFA having hydroxyl by extrusion) 

5 [0180] The same procedures as in Preparation Example 13 were repeated except that the white solid of PFA having 
hydroxyl and obtained in Preparation Example 5 was used instead of the white solid obtained in Preparation Example 
4 to give an extruded film of 10 cm wide x 100 to 150 urn thick. 

PREPARATION EXAMPLE 17 

10 

(Synthesis of PFA having hydroxyl) 

[0181] A 6-liter glass-lined autoclave equipped with a stirrer, valve, pressure gauge and thermometer was charged 
with 1 ,500 ml of pure water. After replacing with nitrogen gas sufficiently, the autoclave was evacuated and charged with 

15 1,500 g of 1,2-dichloro-1,1,2,2-tetrafluoroethane (R-114). 

[0182] Then 10.2 g of perfluoro-fl.l.Q^-tetrahydro^^-bistrifluoromethyl-S.e-dioxa-S-nonenol) (compound repre- 
sented by the formula (7)), 130 g of perfluoro( propyl vinyl ether) (PPVE) and 180 g of methanol were fed into the auto- 
clave with pressurized nitrogen gas, and a temperature inside the system was maintained at 35°C. 
[0183] Pressurized tetrafluoroethylene (TFE) gas was introduced into the autoclave with stirring so that the inside 

20 pressure became 8.0 kgf/cm 2 G. Then 0.5 g of a 50 % methanol solution of di-n-propyl peroxydicarbonate was fed with 
pressurized nitrogen to initiate the reaction. 

[0184] Since the pressure lowered with the advance of the polymerization reaction, at the time when the pressure 
lowered down to 7.5 kgf/cm 2 G, it was increased again to 8.0 kgf/cm 2 G with tetrafluoroethylene gas, and the decreasing 
and increasing of the pressure were repeated. 

25 [01 85] With continuing supply of tetrafluoroethylene, every time when about 60 g of tetrafluoroethylene gas was con- 
sumed after starting of the polymerization, 5.1 g of the fluorine-containing ethylenic monomer having hydroxyl (com- 
pound represented by the formula (7)) was introduced nine times (45.9 g in total) under pressure to continue the 
polymerization. When about 600 g of tetrafluoroethylene was consumed after starting of the polymerization, the supply- 
ing thereof was terminated. The autoclave was cooled and the un-reacted monomer and R-1 14 were released. 

30 [0186] The obtained copolymer was washed with water, rinsed with methanol and then vacuum-dried to give 721 g of 
a white solid. The composition of the obtained copolymer was TFE/PPVE/(Fluorine-containing ethylenic monomer hav- 
ing hydroxyl and represented by the formula (7)) = 97.1/1.1/1.8 % by mole according to 19 F-NMR and IR analyses. In 
infrared spectrum, characteristic absorption of -OH was observed at 3,620 to 3,400 cm" 1 . According to DSC analysis, 
Tm was 311°C, and according to DTGA analysis, 1 % thermal decomposition temperature Td was 369°C. A melt flow 

35 rate measured under conditions of preheating at 372°C for five minutes at a load of 7 kgf/cm 2 by using Koka-type flow 
tester and nozzles of 2 mm diameter x 8 mm length was 85 g/10 min. 

PREPARATION EXAMPLE 18 

40 ■ (Production of film of PFA having hydroxyl) 

[0187] A 0.5 mm thick film was produced by compression-molding in the same manner as in Preparation Example 10 
except that the white solid obtained in Preparation Example 15 was used. 

45 EXAMPLE 1 

(1) Pre-treatment of substrate 

[01 88] A 1 .5 mm thick pure aluminum plate (A1 050P) and a 1 .5 mm thick SUS304 plate were degreased respectively 
so with acetone. (2) Formation of primer layer comprising fluorine-containing polymer having functional group 

[0189] An aqueous dispersion comprising PFA having hydroxyl and prepared in Preparation Example 1 was applied 
to the plate by an air spray so that a coating thickness would become about 5 jim, followed by infra red -drying at 90°C 
for 10 minutes and sintering at 380°C for 20 minutes. 

55 (3) Formation of layer (top layer) comprising fluorine-containing polymer having no functional group 

[0190] Onto the primer layer obtained in (2) above was applied an aqueous coating composition of PTFE (POLYFLON 
TFE Enamel EK4300CRN available from DAIKIN INDUSTRIES, LTD.) as a coating composition of fluorine-containing 
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polymer having no functional group by an air spray so that a coating thickness would become about 20 u.m, followed by 
infrared-drying at 90°C for 10 minutes and sintering at 380°C for 20 minutes. 

(4) Evaluation of adhesive property 

5 

[0191] The method of evaluation is as follows. 
(Cross-cut adhesion test) 

w [0192] According to JIS K 5400 1990, 8. 5. 2, a coated surface was cross-cut to give 100 squares, and an adhesive 
tape (available from Nichiban Kabushiki Kaisha) is adhered to the cross-cut surface sufficiently. Then immediately the 
tape is torn off. This is repeated 10 times with new adhesive tapes to check to see how many squares remain among 
100 squares. The results are shown in Table 1. 

15 EXAMPLE 2 

[0193] A coated plate was produced in the same manner as in Example 1 except that a primer layer was formed by 
using the aqueous dispersion comprising PFA having hydroxyl and obtained in Preparation Example 2 as a primer com- 
prising a fluorine-containing polymer having functional group. The evaluation for adhesive property was carried out. and 
20 the results are shown in Table 1. 

COMPARATIVE EXAMPLE 1 

[0194] A coated plate was produced in the same manner as in Example 1 except that a primer layer was formed by 
25 using the aqueous dispersion comprising PFA having no functional group and obtained in Preparation Example 3 
instead of a primer comprising a fluorine-containing polymer having functional group. The evaluation for adhesive prop- 
erty was carried out, and the results are shown in Table 1. 

EXAMPLES 3 to 4 and COMPARATIVE EXAMPLE 2 

30 

[0195] Coated plates were produced in the same manner as in Example 1 in case of Example 3, in Example 2 in case 
of Example 4 and in Comparative Example 1 in case of Comparative Example 2 except that a top layer was formed by 
using an aqueous coating composition comprising FEP (NEOFLON FEP Dispersion ND-1 available from DAIKIN 
INDUSTRIES, LTD) as a coating composition comprising a fluorine-containing polymer having no functional group. The 
35 evaluation for adhesive property was carried out, and the results are shown in Table 1 . 

EXAMPLE 5 

(1) Pre-treatment of substrate 

40 

[0196] Pre-treatment was carried out in the same manner as in Example 1. 

(2) Formation of primer layer comprising fluorine-containing polymer having functional group 

45 [0197] An aqueous dispersion comprising PFA having hydroxyl and prepared in Preparation Example 1 was applied 
to the plate by an air spray so that a coating thickness would become about 5 \xm, followed by infrared-drying at 90°C 
for 10 minutes. 

(3) Formation of layer (top layer) comprising fluorine-containing polymer having no functional group 

50 

[01 98] Onto the primer layer obtained in (2) above was applied a powder coating composition of PFA (NEOFLON PFA 
Powder Coating Composition ACX-31 available from DAIKIN INDUSTRIES, LTD.) as a coating composition of fluorine- 
containing polymer having no functional group by electrostatic coating so that a coating thickness would become 40 u.m, 
followed by sintering at 380°C for 20 minutes. 

55 

(4) Evaluation of adhesive property 

[0199] The evaluation was carried out in the same manner as in Example 1 , and the results are shown in Table 1 . 
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EXAMPLE 6 

[0200] A coated plate was produced in the same manner as in Example 5 except that a primer layer was formed by 
using the aqueous dispersion comprising PFA having hydroxyl and obtained in Preparation Example 2 as a primer com- 
5 prising a fluorine-containing polymer having functional group. The evaluation for adhesive property was carried out, and 
the results are shown in Table 1 . 

COMPARATIVE EXAMPLE 3 

w [0201] A coated plate was produced in the same manner as in Example 5 except that a primer layer was formed by 
using the aqueous dispersion comprising PFA having no functional group and obtained in Preparation Example 3 
instead of a primer comprising a fluorine-containing polymer having functional group. The evaluation for adhesive prop- 
erty was carried out, and the results are shown in Table 1. 

15 EXAMPLE 7 

(Evaluation of adhesive property of PFA powder coating composition having hydroxyl) 
(1) Production of press sheet for adhesion test 

20 

[0202] About 4 g of the PFA powder coating composition having hydroxyl and prepared in Preparation Example 7 was 
put in a cylindrical metal mold of 60 mm diameter and compression-molded at room temperature at a pressure of 300 
kgf/cm 2 with a press machine to give a disc-like cold press sheet (hereinafter also referred to as "PFA sheet"). 

25 (2) Pre-treatment of substrate 

[0203] A pure aluminum plate of 1 00 x 1 00 x 1 (mm) was degreased with acetone and then subjected to sand blasting. 

(3) Production of adhered sample 

30 

[0204] The PFA sheet obtained in (1) above was placed on the aluminum plate ((2) above) and put in a hot air dryer 
to heat and melt at 330°C for 10 minutes. Thus a sample produced by adhering the PFA sheet of about 450 u.m thick to 
the aluminum plate was obtained. Fig. 1 shows a diagrammatic plan view of the adhered plate comprising the PFA 
sheet 1 and the aluminum plate 2. 

35 

(4) Measurement of adhesive strength 

[0205] As shown in Fig. 1 , the PFA sheet 1 of the adhered sample obtained in (3) above was cut with a cutter at inter- 
vals of a width a (1 0 mm) and one end of each strip-like sheet 1 was folded up, thus giving a test sample for measuring 
40 adhesive strength. Fig. 2 shows a diagrammatic perspective view of the test sample for measuring adhesive strength. 
As shown in Fig. 2, the sheet 1 was pulled up at an angle of 90° to the aluminum plate 2 to measure peeling strength. 
The adhesive strength was measured at room temperature at a cross head speed of 50 mm/min with TENSILON Uni- 
versal Tester (available from Orientec Corporation). An adhesive strength was 5.5 kgf/cm as an average value of peel 
by area method. 

45 

COMPARATIVE EXAMPLE 4 

(Evaluation of adhesive property of PFA powder coating composition having no functional group) 

so [0206] Production of a press sheet for adhesion test, pre-treatment of a substrate and production of an adhered sam- 
ple were carried out in the same manner as in Example 7 except that the powder coating composition of PFA having no 
functional group and prepared in Preparation Example 8 was used instead of the powder coating composition of PFA 
having hydroxyl and prepared in Preparation Example 7. Then adhesive strength was measured. 
[0207] Adhesive strength of the powder coating composition of PFA having no functional group was 0.8 kgf/cm. 

55 
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EXAMPLE 8 

(Electrostatic coating of powder coating composition of PFA having hydroxy!) 

5 [0208] Electrostatic coating of the powder coating composition of PFA having hydroxyl and prepared in Preparation 
Example 7 was carried out on an aluminum plate pre-treated in the same manner as in Example 7 at room temperature 
at a voltage of 40 kV with an electrostatic coating machine (Model GX3300 available from Iwata Toso Kabushiki Kai- 
sha). The coated plate was sintered at 330°C for 15 minutes with a hot air dryer to give a coating film. 
[0209] The coating film was a continuous uniform transparent film and was adhered strongly to the aluminum plate. 

10 

COMPARATIVE EXAMPLE 5 

(Heat resistance of fluorine-containing polymer prepared by using non-fluorine-containing monomer having functional 
group) 

15 

[0210] Thermal decomposition temperature of the fluorine-containing polymer prepared in Preparation Example 9 
was measured through TGA analysis, and 1 % thermal decomposition temperature thereof was 220°C. Thereby it was 
seen that heat resistance of the fluorine-containing polymer prepared by using a non-fluorine-containing monomer hav- 
ing functional group like the polymer obtained in Preparation Example 9 was low. 
20 [021 1] Further the fluorine-containing copolymer obtained in Preparation Example 9 was dissolved in butyl acetate in 
a concentration of 10 % by weight. 

[0212] Pre-treatment of a pure aluminum substrate, application of a primer layer comprising the fluorine-containing 
copolymer of Preparation Example 9 and application (electrostatic coating of PFA powder coating composition) of a top 
layer were carried out in the same manner as in Example 5 except that for the primer layer, the above-mentioned butyl 
25 acetate solution of the fluorine-containing copolymer of Preparation Example 9 was used instead of the aqueous dis- 
persion of PFA having hydroxyl. 

[0213] A coating film obtained by sintering at 380°C for 20 minutes after the application was colored yellow-brown, 
and foaming and peeling were also seen. Thus a uniform transparent coating film could not be obtained. 
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EXAMPLES 9 to 12 

(Adhesion test of PFA film having hydroxyl to metal) 

5 [021 4] Adhesion test of a PFA film having hydroxyl (film of Preparation Example 1 0 or 11 ) to a metal plate was carried 
out in the manner mentioned below by using degreased chromate-treated aluminum, pure aluminum and steel plates 
of 0.5 mm thick. The results are shown in Table 2. 

(Production of test piece for peeling test) 

10 

[0215] Fig. 3 is a diagrammatic perspective view of a laminated article made to produce a test piece for peeling test. 
As shown in Fig. 3, the PFA film having hydroxyl and obtained in Preparation Example 10 or 1 1 as an adhesive layer 3 
and a 0.1 mm thick spacer 4 (aluminum foil) were put between the two metal plates 5 and then set on a press machine 
of 350°C, followed by preheating (20 minutes) and then compressing at 50 kg/cm 2 for one minute to give a laminated 

15 article of length b (1 50 mm) x width c (70 mm). 

[0216] Each thickness of the adhesive layer 3 of the obtained laminated articles was 0.1 mm. Further the laminated 
article was cut to a width of 25 mm and the spacer portion was bent in the shape of T at a point apart by a distance e 
(100 mm) from one end of the laminated article to give a test piece for the peeling test. Fig. 4 is a diagrammatic per- 
spective view of the obtained test piece for peeling test. In Fig. 4, numeral 3 represents an adhesive layer and numeral 

20 5 represents metal plates. 

(Peeling test) 

[021 7] The peeling test was carried out at room temperature at a cross head speed of 50 mm/min by using TENSILON 
25 Universal Tester available from Orientec Corporation according to T-type peeling test method of J IS K6854-1977. The 
results show the maximum peeling strength (kgf/25 mm) and minimum peeling strength (kgf/25 mm) 

COMPARATIVE EXAMPLES 6 to 8 

30 (Adhesion test of PFA film having no functional group to metal) 

[0218] Production of test pieces and peeling test were carried out in the same manner as in Example 9 except that 
the PFA film having no functional group and obtained in Preparation Example 12 was used instead of the PFA film hav- 
ing hydroxyl and obtained in Preparation Example 10 or 1 1. The results are shown in Table 2. 

35 

EXAMPLES 13 to 14 

(Adhesion test of film of PFA having hydroxyl to glass) 

40 [0219] Adhesion test of PFA having hydroxyl to Pyrex glass plate of 30 x 20 x 5 mm was carried out in the manner 
mentioned below. 

[0220] Further hot water resistance test and methanol dipping test of the laminated article after the adhesion were 
carried out. The results are shown in Table 3. 

45 (Production of test piece for tensile shear test) 

[0221] Fig. 5 is a diagrammatic perspective view of a test piece for tensile shear test. As shown in Table 5, the PFA 
film having hydroxyl as an adhesive layer 3 which was obtained in Preparation Example 10 or 1 1 (length f of 10 m, width 
g of 20 mm, thickness h of 0.1 mm) was put between the Pyrex glass plates 6 (length i of 30 m, width g of 20 mm, thick- 
50 ness j of 5 mm), and a load of 3 kg was applied, followed by allowing to stand at 350°C for 30 minutes in an electric oven 
to give a test piece. A thickness of the adhesive layer 3 was adjusted to 0.1 mm with a spacer. 

(Adhesive strength) 

55 [0222] Fig. 6 is a diagrammatic perspective view of a test device to be used for measuring adhesive strength by tensile 
shearing method. As shown in Fig. 6, the test piece 7 obtained as mentioned above and test jigs 8 matching the shape 
of the test piece were set on TENSILON Universal Tester 9 available from Orientec Corporation, and then the tensile 
shearing test was carried out at a cross head speed of 20 mm/min. The results of the measurement are shown by max- 
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imum adhesive strength (kgf/cm 2 ). 
(Hot water resistance test) 

5 [0223] The test piece obtained as mentioned above was immersed in 50°C hot water to check to see adhesion after 
a lapse of 6 hours and measure adhesive strength (kgf/cm 2 ) after a lapse of 72 hours. 

(Methanol dipping test) 

10 [0224] The test piece obtained as mentioned above was dipped in methanol of room temperature to check to see its 
adhesion. 

COMPARATIVE EXAMPLE 9 

15 (Adhesion of film of PFA having no functional group to glass) 

[0225] Production of a test piece and various tests were carried out in the same manner as in Example 1 3 except that 
the PFA film having no functional group and obtained in Preparation Example 12 was used instead of the PFA film hav- 
ing hydroxyl and obtained in Preparation Example 10 or 1 1. The results are shown in Table 3. 

20 

EXAMPLE 15 

(Tests for adhesion and post-processability after lamination of PFA film having hydroxyl to stainless steel) 

25 [0226] A laminated test piece was produced in the manner mentioned below by using a degreased SUS304 stainless 
steel plate of 150 mm long x 70 mm wide x 0.5 mm thick as a metal plate. The PFA film having hydroxyl and produced 
in Preparation Example 13 and the PFA film having no functional group and produced in Preparation Example 14 were 
cut to the same size as the above-mentioned SUS plate. 

[0227] Further a polyimide film (Kapton 200-H available from E.I. Du Pont) which was used for separation was also 
30 cut to the same size as above. 

[0228] Fig. 7 is a diagrammatic cross-sectional view of a laminated test plate. As shown in Fig. 7, the PFA film 12 
having hydroxyl, the PFA film 13 having no functional group and the polyimide film 14 were put between the two SUS 
plates 1 1 , and then set on a press machine preset at 350°C, followed by preheating (20 minutes) and then pressing at 
50 kgf/cm 2 for one minute to give a laminated test plate. 
• 35 [0229] After cooling, when the SUS plate 11 contacting the polyimide film 14 was removed, the polyimide film was 
peeled from the interface with the PFA film 13 having no functional group spontaneously. 

[0230] As a result, a three-layered laminated article having good transparency and comprising the PFA film 12 having 
hydroxyl as an adhesive layer, the SUS plate 1 1 and the PFA film 13 was obtained. Fig. 8 is a diagrammatic cross-sec-- 
tional view of the obtained three-layered laminated article. 

40 [0231] Further the surface film of the obtained three-layered laminated article was cross-cut with a cutting knife so 
that a cut depth reached to the surface of the SUS plate 1 1 , and a hundred pieces of 1 mm squares of lattice pattern 
were made. A center of the square was pushed out by 5 mm with Erichsen tester. As a result, the PFA film 12 having 
hydroxyl was not peeled off at all and kept adhered strongly to the SUS plate 1 1 which was a substrate. 
[0232] The PFA film 12 exhibited strong adhesion to the SUS plate 11. 

45 f 
COMPARATIVE EXAMPLE 10 

(Tests for adhesion and post-processability after lamination of PFA film having no functional group to stainless steel) 

50 [0233] A laminated article comprising the SUS plate 1 1 and the PFA film 1 3 havino no functional group was produced 
in the same manner as in Example 15 except that the PFA film having hydroxyl was not used. Fig. 9 is a diagrammatic 
cross-sectional view of the obtained laminated article. 

[0234] The film seemed to be adhered, but the PFA film 13 having no functions! group could be peeled off from the 
SUS plate 11 easily. 

55 [0235] Further Erichsen test was carried out in the same manner as in Example 15, and 60 pieces among 100 cross- 
cut squares were peeled off from the cut line. 
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EXAMPLE 16 


(Adhesion test of PFA film having hydroxyl and polyimide film) 

5 [0236] The PFA film 12 having hydroxyl and obtained in Preparation Example 13, the PFA film 13 having no functional 
group and obtained in Preparation Example 14 and the polyimide film 14 were cut to the same size as in Example 15, 
and put between the two SUS plates 11, followed by heating with a press machine in the same manner as in Example 
15 to give a laminated test plate. Fig. 10 shows a diagrammatic cross-sectional view of the obtained laminated test 
plate. Then after cooling, the SUS plate 1 1 was removed to obtain a laminated article. Fig. 1 1 is a diagrammatic cross- 

w sectional view of the obtained laminated article. Further the laminated article was cut to a width of 25 mm. 

[0237] Fig. 12 is a diagrammatic cross-sectional view of the above-mentioned laminated article to be subjected to T- 
type peeling test. In Fig. 12, a part of interface between the polyimide film 14 and the PFA film 12 having hydroxyl was 
peeled, and the T-type peeling test by peeling in the direction of an arrow shown in Fig. 12 was carried out in the same 
manner as in Example 1. The adhesive strength was 4.0 kgf/25 mm as an average value of peel according to area 

15 method. 

COMPARATIVE EXAMPLE 1 1 


(Adhesion test of PFA film having no functional group and polyimide film) 

20 

[0238] Fig. 13 is a diagrammatic cross-sectional view of a laminated article to be subjected to T-type peeling test in 
the same manner as in Example 1 . In Fig. 1 3, a part of interface between the polyimide film 14 and the PFA film 1 3 hav- 
ing no functional group of the 25 mm wide laminated article obtained in Example 16 was peeled, and the T-type peeling 
test by peeling in the direction of an arrow shown in Fig. 13 was carried out in the same manner as in Example 16, but 
25 no adhesive property was exhibited. 


COMPARATIVE EXAMPLE 12 


(Heat resistance of fluorine-containing polymer prepared by using non-fluorine-containing monomer having functional 
30 group) 

[0239] A thermal decomposition temperature of the fluorine-containing polymer obtained in Preparation Example 9 
was measured through TGA analysis, and 1 % thermal decomposition temperature was 220°C. From that, it is seen that 
the fluorine-containing polymer as prepared in Preparation Example 9 by using a non-fluorine-containing monomer 
35 having functional group has low heat resistance. 

[0240] Further the fluorine-containing polymer prepared in Preparation Example 9 was dissolved in butyl acetate in a 
concentration of 10 % by weight. 

[0241] To the aluminum plate pre-treated in the same manner as in Example 9 was applied the above-mentioned butyl 
acetate solution of fluorine-containing polymer of Preparation Example 9 by an air spray so that a coating thickness 

40 would become about 10 jam, followed by infrared-drying at 90°C for 10 minutes. 

[0242] On the coating film 1 6 of the fluorine-containing polymer prepared by using a non-fluorine-containing monomer 
having functional group were placed in order the PFA film 13 having no functional group and prepared in Preparation 
Example 14, the polyimide film 14 for separation (same as in Example 15) and the aluminum plate 15, followed by heat- 
ing and pressing at 350°C with a press machine in the same manner as in Example 15 to give a laminated test plate. A 

45 diagrammatic cross-sectional view of the obtained laminated test plate is shown in Fig. 14. 

[0243] After cooling the laminated test plate, the aluminum plate 15 contacting the polyimide film 14 and the polyimide 
film 14 were removed to give a laminated article. 

[0244] The obtained laminated article was colored yellow-brown, and foaming and peeling occurred between the PFA 
film 13 and the aluminum plate 15. Thus a uniform transparent laminated article could not be obtained. 

50 
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TABLE 3 



Ex. 13 

Ex. 14 

Com. Ex. 9 

Kind of fluorine- 
containing adhesive 

Prep. Ex. 10 

Prep. Ex. 1 1 

Prep. Ex. 12 

Kind of substrate 

Pyrex glass 

Pyrex glass 

Pyrex glass 

Adhesion strength 
(kgf/cm*) 

83 or more 

Breaking of 
glass 

83 or more 

Breaking of 
glass 

59 
Peeling 


Hot water 

resistance test {50°C) 


Adhesive strength 
(kgf/cm 2 ) 
6 hours after 

Adhesion was 
maintained. 

Adhesion was 
maintained. 

Spontaneous 
peeling 

72 hours after 

63 

10 


Methanol dip test 
(room temperature) 
24 hours after 

Adhesion was 
maintained. 


Spontaneous 
peeling 

72 hours after 

Adhesion was 
maintained. 




40 


EXAMPLE 17 

45 

(Adhesion test of PFA film having hydroxyl to quartz glass) 


[0245] Production of a test piece and measurement of adhesive strength were carried out in the same manner as in 
Example 13 except that instead of the Pyrex glass used in Example 13, a quartz glass having the same shape as the 
so Pyrex glass was used. 

[0246] The PFA film having hydroxyl exhibited strong adhesion to the quartz glass. The quartz glass was broken and 
the adhesive strength measured was not less than 83 kgf/cm 2 . 

EXAMPLES 18 to 19 

55 

(Chemical resistance test of PFA having hydroxyl) 

[0247] Chemical resistance test was carried out in the manner mentioned below by using test pieces produced by 
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cutting the extruded films (100 jim thick) of PFA having hydroxy! obtained in Preparation Example 13 (Example 18) and 
Preparation Example 16 (Example 19) into the form of type 5 dumbbell of ASTM D638. 

(Chemical resistance test) 

5 

[0248] The test pieces were immersed in chemicals shown in Table 4, and allowed to stand at 60°C (at 23°C in case 
of aqueous ammonia) for seven days in a constant temperature tank. Then the test pieces were withdrawn from the 
tank, and the chemicals attached to the surfaces of the respective test pieces were wiped off. The following measure- 
ments were carried out. 

10 

® Change in appearance 

[0249] When the test pieces are free from a change in appearance such as color change, turbidity in white and defor- 
mation before and after the immersing, they are evaluated as good and marked O- The results are shown in Table 4. 

15 

0 Change in weight 

[0250] A weight of the respective test pieces after the immersing was measured, and a rate of change in weight was 
calculated from the following equation. 

20 

Rate of change in weight (%) = [(Weight of test piece after test (g)) - 
(Weight of test piece before test (g))]/(Weight of test piece before test (g)) (x 100) 

25 [0251] The results are shown in Table 4. 
© Change in mechanical properties 

[0252] A tensile test was carried out at room temperature at a cross head speed of 1 0 mm/min by using the test pieces 
30 in the form of dumbbell before and after the test with TENSILON Universal Tester (available from Orientec Corporation) 
according to ASTM D638. With respect to the respective test pieces, tensile strength and elongation were measured, 
and retention ratio thereof were calculated from the following equation. 

Strength retention ratio (%) = Tensile strength after test (kgf/cm 2 )/Tensile strength before test (kgf/cm 2 ) x 100 

35 

Elongation retention ratio (%) = Elongation before test (%)/Elongation after test (%) x 100 

[0253] The results are shown in Table 5. 

40 © Change in adhesive strength (only Example 18) 

[0254] The extruded film (thickness 100 u,m) of PFA having hydroxyl which was obtained in Preparation Example 13 
was used instead of the test pieces in the form of dumbbell. The film was cut to pieces of a rectangular shape of 150 
mm x 70 mm, and the cut films were immersed in various chemicals in the same manner as above. After the test, the 
45 chemicals attached to the surfaces of the cut films were wiped off and the films were put in a dryer of 1 20°C to be dried 
for three hours. With respect to the films before the immersing (film of Preparation Example 13) and the cut films after 
immersed in various chemicals and then dried, adhesive strength to a pure aluminum plate (thickness 0.5 mm) was 
measured and compared in the manner mentioned below. 

50 i) Production of test piece for peeling test 

[0255] Fig. 3 is a diagrammatic perspective view of a laminated article for producing a test piece for peeling test. As 
shown in Fig. 3. the film before or after the immersing (film of Preparation Example 13) as an adhesive layer 3 and a 
spacer 4 (aluminum foil) having a thickness of 0.1 mm were put between the two metal plates 5 and set on a press 
55 machine preset at 320°C, followed by preheating (20 minutes) and then pressing at 50 kg/cm 2 for one minute. Thus a 
laminated article having a length b (150 mm) and a width c (70 mm) was obtained. 

[0256] A thickness of any of the adhesive layers 3 of the obtained laminated article was 0. 1 mm. Further the laminated 
article was cut to a width of 25 mm, and the spacer portion was folded in the form of T at a distance e (100 mm) from 
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one end, thus giving a test piece for peeling test. Fig. 4 is a diagrammatic perspective view of a test piece for peeling 
test. In Fig. 4, numeral 3 represent an adhesive layer and numeral 5 represent metal plates. 

ii) Peeling test 

5 

[0257] Measurement was made at room temperature at a cross head speed of 50 mm/min by using TENSILON Uni- 
versal Tester (available from Orientec Corporation) according to T-type peeling test method of JIS K 6854-1977. Peeling 
strength (kgf/25 mm) was calculated by area method. The results are shown in Table 6. 

w COMPARATIVE EXAMPLE 13 

[0258] Chemical resistance test for various chemicals was carried out m the same manner as in Example 18 except 
that the film of PFA having no hydroxyl which was produced in Preparation Example 14 was used instead of the film of 
PFA having hydroxyl which was produced in Preparation Example 13. Measurement was made in the same manner as 
15 in Example 18 with respect to a change in appearance, weight and mechanical properties. The results are shown in 
Tables 4 and 5. 
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TABLE 6 


Example 18 

Kind of fluorine-containing polymer 

i lv UCU d Uvll 1 4/wrVI I LL/1W A. W 

PFA film having hydroxyi 

- — - — Measuring items 


Chemicals " 

(kgf/25 mm) 

Before test 

o.l 

Sulfunc acid (95 %) 

A £L 

4.o 

Hydrochlonc acxd (35 %) 

A £L 

4.6 

Sodium hydroxide (50 %) 


Aqueous ammonia (28 %) 

5.2 

Methanol 

4.3 

Acetone 

6.1 

Chloroform 

5.4 

Toluene 

5.2 

Benzene 

5.2 

Methyl ethyl ketone 

4.4 

Ethyl acetate 

5.8 

Phenol 

6.5 


EXAMPLE 20 


(Hydrochloric acid permeation test of PFA film having hydroxy!) 

[0259] As shown in Fig. 15, two cylindrical vessels 20 and 21 having an opening of 10 cm 2 sectional area were put 
together, and the 0.5 mm thick PFA film having hydroxyi of Preparation Example 1 1 was placed between the two open- 
ings facing each other. One partitioned space (vessel 20 of supply side) was filled with 35 % concentrated hydrochloric 
acid, and another partitioned space (vessel 21 to which permeation occurs) was filled with ion exchange water. The liq- 
uid temperature in the vessels 20 and 21 was maintained at 70°C and 20°C, respectively. 

[0260] The liquid in the vessel 21 was sampled every 24 hours from starting of the test for about 20 days, and an 
amount of hydrochloric acid permeated through the test film were measured by ion chromatography. Time (t) and per- 
meating amount (Q) were plotted on an abscissa and ordinate, respectively, and a diffusion coefficient and permeation 
coefficient were calculated by the following method. The results are shown in Table 7. 

(Calculation of diffusion coefficient and permeation coefficient) 

[0261] By plotting time (t) on the abscissa and permeating amount (Q) on the ordinate, a permeation curve as shown 
in Fig. 16 is obtained. 

[0262] Namely, as time elapses, the permeation amount Q increases naturally. However when a certain period of time 
elapses, a permeation amount per unit time becomes constant (stationary state), and the permeation curve becomes 
straight (inclination: A). When an extrapolation line is drawn along the straight line of the inclination A, the line crosses 
the abscissa, and a delay time (0) can be obtained. 

[0263] The diffusion coefficient can be obtained from the delay time 6 by the following equation. 
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D = i 2 /6e 


(1) 


(I: Thickness of test film) 

[0264] Further the permeation amount Q is shown by the following equation provided that a solubility coefficient is S. 

5 

DS(C r C 2 ) 

Q = , 1 2 • A • t (2) 


w in which 


Ci : . Initial concentration of hydrochloric acid in vessel 20 

C 2 : Initial concentration of hydrochloric acid in vessel 21 

A: Sectional area of filtration surface 

is t: Time 


On the other hand, there are the following equations. 


P = D • S (3) 

20 

Q/t = tanA (4) 
From the above-mentioned equations, the permeation coefficient P is obtained by the following equation. 

p= A(cT^r tanA (5) 


Namely, the permeation coefficient (P) can be obtained from the equation (5) by plotting the relation between the per- 
30 meation amount and the time and from the graph, determining an increased amount (tanA ) of hydrochloric acid per unit 
time at stationary state. 


EXAMPLES 21 to 22 


35 (Hydrochloric acid permeation test of PFA film having hydroxy!) 


[0265] The hydrochloric acid permeation test was carried out in the same manner as in Example 20 except that the 
PFA films having hydroxyl which were obtained in Preparation Example 10 (Example 21) and Preparation Example 17 
(Example 22) were used instead of the PFA film produced in Preparation Example 11. Diffusion coefficient and perme- 
40 ation coefficient were calculated. The results are shown in Table 7. 


COMPARATIVE EXAMPLE 14 


(Hydrochloric acid permeation test of PFA film having no hydroxyl) 

45 

[0266] The hydrochloric acid permeation test was carried out in the same manner as in Example 20 except that the 
PFA film having no hydroxyl which was obtained in Preparation Example 12 was used instead of the PFA film produced 
in Preparation Example 11. Diffusion coefficient and permeation coefficient were calculated. The results are shown in 
Table 7. 
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INDUSTRIAL APPLICABILITY 

[0267] According to the present invention, it is possible to obtain a composite material having chemical resistance 
which is produced by applying, to a substrate, a material comprising a fluorine-containing polymer having excellent 
5 adhesive property, without necessitating complicated steps. Further according to the present invention, it is possible to 
obtain a composite material which is excellent in heat resistance, stain-proofing property, water- and oil-repelling prop- 
erty, stain removing property, non-sticking property, rust-preventive property, antibacterial property, resistance to 
energy ray and friction resistance and is useful as a material for various vessels, piping materials, and manufacturing 
equipment for chemical industry, semi-conductor and foods. 

10 

Claims 

1. A composite material having chemical resistance and produced by applying, to a substrate, a material comprising 
a fluorine-containing ethylenic polymer having functional group which is prepared by copolymerizing; 

15 

(a) 0.05 to 30 % by mole of at least one of fluorine-containing ethylenic monomers having at least one func- 
tional group selected from the group consisting of hydroxyl, carboxyl, a carboxylic salt group, a carboxylic ester 
group and epoxy, and 

(b) 70 to 99.95 % by mole of at least one of fluorine-containing ethylenic monomers having no functional group 
20 mentioned above. 

2. The composite material having chemical resistance of Claim 1 , which is produced by applying, to the substrate, the 
fluorine-containing ethylenic polymer having functional group, wherein said fluorine-containing ethylenic monomer 
(a) having functional group is at least one of fluorine-containing ethylenic monomers having functional group which 

25 are represented by the formula (1): 

CX 2 =CX 1 -R r Y (1) 

wherein Y is -CH 2 OH, -COOH, a carboxylic salt group, a carboxylic ester group or epoxy, X and X 1 are the same 
30 or different and each is hydrogen atom or fluorine atom, R f is a divalent fluorine-containing alkylene group having 
1 to 40 carbon atoms, a fluorine-containing oxyalkylene group having 1 to 40 carbon atoms, a fluorine-containing 
alkylene group having ether bond and 1 to 40 carbon atoms or a fluorine-containing oxyalkylene group having ether 
bond and 1 to 40 carbon atoms. 

35 3. The composite material having chemical resistance of Claim 1 or 2, which is produced by applying, to the substrate, 
the fluorine-containing ethylenic polymer having functional group, wherein the fluorine-containing ethylenic mono- 
mer (b) which does not have said functional group is tetrafluoroethylene. 

4. The composite material having chemical resistance of Claim 1 or 2, which is produced by applying, to the substrate, 
40 the fluorine-containing ethylenic polymer having functional group, wherein the fluorine-containing ethylenic mono- 
mer (b) which does not have said functional group is a monomer mixture of 85 to 99.7 % by mole of tetrafluoroeth- 
ylene and 0.3 to 15 % by mole of a monomer represented by the formula (2): 

CF 2 =CF-R f 1 (2) 

45 

wherein R f 1 is CF 3 or OR f 2 , in which R f 2 is a perfluoroalkyl group having 1 to 5 carbon atoms. 

5. The composite material having chemical resistance of Claim 1 or 2, wherein the fluorine-containing ethylenic mon- 
omer (b) which does not have said functional group is a monomer mixture of 40 to 80 % by mole of tetrafluoroeth- 

50 ylene, 20 to 60 % by mole of ethylene and 0 to 15 % by mole of a monomer copolymerizable therewith. 

6. The composite material having chemical resistance of any of Claims 1 to 5, in which the fluorine-containing ethyl- 
enic polymer having functional group is applied to the substrate in the form of a coating composition. 

55 7. The composite material having chemical resistance of any of Claims 1 to 5, in which the fluorine-containing ethyl- 
enic polymer having functional group is applied to the substrate in the form of an aqueous dispersion. 

8. The composite material having chemical resistance of any of Claims 1 to 5 t in which the fluorine-containing ethyl- 
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enic polymer having functional group is applied to the substrate in the form of a powder coating composition. 

9. The composite material having chemical resistance of any of Claims 1 to 5, in which the fluorine-containing ethyl- 
ene polymer having functional group is applied to the substrate in the form of a film. 

5 . 

10. The composite material having chemical resistance of any of Claims 1 to 5, wherein said substrate is a metallic 
substrate. 

11. The composite material having chemical resistance of any of Claims 1 to 5, wherein said substrate is a glass sub- 
re strate. 

12. The composite material having chemical resistance of any of Claims 1 to 5, wherein said substrate is a synthetic 
resin substrate. 

15 13. Use of the composite material having chemical resistance of any of Claims 1 to 12 as a material used for vessels 
for storing chemicals. 

14. Use of the composite material having chemical resistance of any of Claims 1 to 12 as a material used for piping 
materials for transporting chemicals. 

20 
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FIG. 4 
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FIG. 5 
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FIG. 6 
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